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II. STUDY or STRUCTURE OF DANDELION AS AN IsoLATED THING 
A. Investigation and description of parts . . . . , . . 3 
B. Educational aim and value of such study. . . . . . 8 
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3. Develops power of observation. " 
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ENVIRONMENT oe Seo 6 de, Ee OE se 
A. Structural or form relations . . s s sos ewe o 
1. Comparison with other plants . . . , . . , . 10 
«. Buttercup. € 
b. Tiiistle. 
* e. Anemone, 
2. Classification of the four plants . . . . . . . 13^ 
. ^ 3. Edueational aim or value of such study of form 
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«. Broadens knowledge. 
b. May increase and broaden interest in plants. 
c. May further develop power of observation. 
d. May train to express better. 
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gróup or classify. ` 
4. Will such study meet the needs of pupils in ele- 
mentary schools? . 
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1. Dependence on environment . . . .. e’. 
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8. Educational aim and value of such study of life and 
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b. Appreciation of beauty — beauty of function 


and fitness as well as beauty of form and 
color — is cultivated. 


a C. Prepares for betté?z3nderstanding of unity of 
3 nature. < a 
d. Gives a broader knowledge, a better insight 
y into relations. x 
IV. Srupy or HIGHER RELATIONS or DANDELION 
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1. As a medicine and food. 
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1. Cultivates the appreciation of be: 
2. By its life and symbolism 
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Summary and Ex 
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Jumping. ` è 
Adaptation for locomotion. 
Summary. 
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^ ©. Lesson IIT. Habits, feeding, washing, senses. . . . 64 
? 1. Feeding. f 
Child’s eating. 
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Gnawing. 
Adaptation. h 
Summary. t 
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3. Washing. 
4. Hearing, smelling, sight. 
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I. INCntAsING ATTENTION GIVEN TO SCIENCE 
STUDY e a las e 
A. In university and college. 
B? In secondary schools. 
C. In elementary schools. 
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A A. Elementary —in aim, material, methods . « « + + = 
| = B. Science, which is... QUAL » wo 1.» NES ae 
1. Knowledge, defined £p 
P a. “ Clear and certain perception.” 
a b. “Familiarity gained by actual experience.” 
2. Classified — considered in its relations. 
Ari . C. Three kinds of elementary scienee work which do not 
meet these conditions . « + + * * * * ee 
73 1. College science. Science, but not elementary. 
n 2, Reading“ Nature Primers” and “ Nature Readers," 
|- : Elementary, but not science. 
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é science, but may prepare for science. 
D. A definite and graded course of work necessary + + * 


. 
III. DEFINITION OF Narvaa STUDY +--+ * * t. 7 
A. Term ‘nature study ” better express 
B. Is nature Study s DEEP. UMS 
1. Personal contact with nature by each pupil. 
2, Nature out-of-doors, às well as in schoolroom. 
3. Life and action as well as form and structure. 


| C. Is nature study = * 
1. Not mere reading or glancing: 
2. Studied in its relations. , 
4 a. To the whole of which jt is part. 
^ p. To natural environment. 
1 o c. To past and future. |. m 
Y d. To other individuals, similar and dissimilar. 
d e. To causes and effects. 
f. To man. 
. Tothe Creator. 
í To other school-work. 
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The Aim of Nature Study: to Develop the Individual Child. 
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I. WHY INTRODUCE NATURE STUDY IN THE SCHOOL? RÀTHER 
ASK, WHY stor NATURE STUDY WHE HE ÜHILD ENTERS 
Scuoon? . . 


IL IMPORTANCE or Aim IN METHOD. 
A. Importance of ** wl to teacher, 
B. Importance of,“ why” to pupil. 
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A. Practically the sam ims of education in general. . 
B. Deals with the individual child 
C. Oldest recognized aim, the aequis 
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Has led to book-work and memorizing. 
Knowledge thus gained ** shall vanish away.” 
Value of knowledge gained by personal observation. 
- Value of “nature knowledge” to geography. 
Weakness of knowledge as ultinfate aim. — 
D. Development of intellectual powerahigheraim . . . 
1. Shown by history of work in nature study. 
2. Value of nature study as a means of developing 
power demonstrated. 
9. Value, from this point of view, as a basis for ex- 
pressive work of school. 
E. Value of Knowledge and power gained through naturo 
study as a preparation for practical lifo. .. . 
F. Importance of interest and sympathy as an aim 
1. Best seen when working with little children. 


2. Mere power gained through nature study may do 
harm. 


G. Higher aim is cultivation of appreciation of beauty . 
1. Beauty of function and adaptation as well as beauty 


ion of knowledge or 
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2. Is a preparation for the study of literature and 
EL Closely related is development of ethical natur 
H. Highest aim to lead from Na ure to Nature's God 
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1. Considering development of individual child 
a. To awaken interest ana i 
ndm “i cultivate sympathy 
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I. Résumé of Aims (Continued) — 


s 
2 c. To develop intellectual powers, and to form 
o $1 right habits. 
t d; To give knowledge of environment. 
B 9. Considering school-work. è 
E z a. To give foundation for appreciation of litera- 
ture and art. E. 
mE b. Toserve asa basis for the expressive work of 
4 ° o the school. - 
- c. To give knowledge, — a basis for geography 
+ and other studies. 
c? 
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A CHAPTER v. 
s The Highest Aim: to Adapt the Child to His Environment. 


Cup NARROW AS AN Ure 
EC D SM ELIO 


or Ciirp To His Environment, 119 


T. DEVELOPMENT or INDIVIDUAL 


^ MATE AIM + + + * x 

IL Hionest AM, ADAPTATION 
A. To nature, his physical environment. 
B. Toman, hisjntelleetual environment. 
€. To God, his spiritual environment. 


" 
III. MEANING OF ADAPTATION TO ENVIRONMENT » + ù 5 t 
A. Has meant making our environment minister to our, 


a material needs. 
B. Should include appropria 
istering to our higher needs. 
Mere appropriation is partial, one-sided adaptation. We 
owe something to our environment, 
D. Adaptation to environment means appreciation of what 
we receive from, and recognition and performanee of 
what,we owe to our environment, — to nature, man, 
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123 
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e. As To his plu eal environment,—maturo. + + + « * * 
o 1. Leads to appreciation of beauty of nature, beauty 
of function, and co-operation, as well as beauty 


of form and color. 
2. Leads the child to cherish and care for nature. 


p. To his intellectual environment,— man «+ + st * 
j. Helps him appreciate what he receives from man, 
a. Puts im in sympathetic attitude. 
b. Nature becomes to child a symbol of man. 
c. Appreciation of nature necessary for enjoy- 
ment of much in literature und art. 
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129 
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CHAPTERS. " 
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> IL NATURE I5 nur ONE CENTRE OF EDUCATION. MAN 18 THE 
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EARLIER AND LATER PERIODS OF ELE 
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ENTARY Epu- 
SALON JO E UU k nice ia! cm Le! joy Tey ais ems x sf e+ OOS 


A. Child world is a world of sense; hence nature study 
most important centre in earlier education. 
B. Intellectual environment, — man study should be prom- 
^ inentin later education. 
C. Application to school-work. ^ 
> 1. To nature study, history, and literature. 
2. To work based on these, reading, 
geography, arithmetic. 
IV. LIMITATIONS OF NATURE STUDY 
A. It provides for adequate 
ó environment, — nature. 
B. It does not give child the benefi 
the experiences of the past, ^ 
C. It does not necessarily provide 
work in expressive Studies, 
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CHAPTERS VII AND VIII. 
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“Principles Determining Method in Nature Study. 
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1 
I. METHéD INVOLVES CONSIDERATION OF THREE Torics . 


A. The study of material, including 
1. Presentation of matter to pupils. 
9, Expression by pupils. 
3. Relation to other school-work. 
A B. The selection of material for study. 
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course of study- c9 
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A, Résumé of aims already formulated. 
p. Ultimate and mediate aims. 
C. Importance of understanding aim. 
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A. Sense perception « > 
" 1. Importance. 
2, Neglect of, ine 
B. Apperception ve 
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D 9. Comparison with p 
3. Basis for other law 
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1. Relation to previous steps. 
2. Comparison with appetite. 
3. Value of sympathetic interest. 
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» vb. Nov ^ x 
tion, or self-activity- 
cation, or imaginative work. 


ducation of past. 


liysiological assimilation. 
s enumerated. 


c. Particip: 
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e Sey, Imagination 
4. Definition and kinds. 

a. Reproductive imagination or memory. 


b. Constructive imagination. 


A 2. Memory- f 
a. Importance In education. 


b. Means of training memory. 
- 1'. Laying foundation in sense- 
9!, Importance of association in es 
relations. 1 


3!, Necessity of repetition or drill. 
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: D. Care in stating aim. 
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25 ig imagination exercise. 
3'. Value of literature. 


D 
(Chapter VII.) 
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1. Definition and reiation to apperception. 
2. Precautions to insure sequence. 


. ions. 
b. , not leaping. A 
[3 sping to the line of thought, and avoiding 


d. “Guarding the switches.” 

3. Use of the development or Socratic method. 

4. Value of sequence for developiug ning-powers. 

F. Unity . wy etal lee cap cal oy MS el ee NR a LIT 

1. Definition and relation to preceding principles. 

2. Unity is ultimate psychological aim correspond- 
ing to the ultimate ethical aim, adaptation to 
environment. P 

3. Unity is psychological basis or reason for the 
greater educational value of the study of life, the 
best exemplification of physical unity. 

4. Unity is brought out by questions “why” and 


“how,” rather than by question ** what." 
5. Influence of unity on method. 
a. How impress on child unity in his physical 
environment? a 
b. How impress on child unity of physical and 
intellectual environment ? 


e. How impress unity of all envi 
. How Nun y of all environment? E 


g child into uni pi rire 
ment ? nity with environ 
G. Expression! . 


ods mee ob Ius: oh ADO, 
1. Definition and relation to i inei 

preceding prin . 
Å 2. Function or objects. M PDA 


a. To clarify the child's id 
ie c 8 ideas. 
b To convey his ideas tc-other minds. 
- To enable him to get ideas from other minds, 


7 Bee also Chapter XI. on “Nature Study and the Expressive Work of the School." 
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s «e 1. By aim. 
2. By necessity of basing work on sense perception. 
g B. Order followed. 
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2. Relations to natural environment. 
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6. Application. 
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B. Adapting to grade of children. 
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Relation of Nature Study to Reading and Literature. 


L Tue PRIMARY READING-LESSON BASED ON NATURE STUDY, 
A. Purpose . . 
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2. To give pupils practice in, | 
a. Expressing ideas in language. ~ 
b. Gaining ideas through language. 
3. To serve as models for individual expressive work, 
B. Essentials in primary reading-lessons . . . . s; Tere 
g 1. Should contain best ideas in best form. 


72. Should be in accord with principles already dis- 
cussed. "m 
a. Should be based on perception and apper- 
ception. 
b. Should exercise imagination. 
c. Should have sequence and unity. 
3. Value of narration and personification, 


4. Should be truthful, clear, and orderly. 
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e RELATION TO GEOGRAPHY. 
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j 1. Must be real “edrth study," based on sense-per- 
ception. 
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air, and heat. 
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. Study of earth forms, or forms of land and 
water. 
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NATURE STUDY: 
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CHAPTED.r., 
THE STUDY OF THE DANDELION. 


An Introduction to Nature Study. 


“Flower ii the crannied wall, 
I pluck you out of the crannies; 
Hold you here, root and all, in my hand, 
Little flower— but if I could understand 
What you are, root and all, and all in all, 
I should know what God and man is. 


TENNYSON. 
À Ir seems wise, in "beginning to consider nature study 
by and with the children, to illustrate by a conerete 
example mueli which will be diseussed and elaborated 
in detail in succeeding chapters 
study of some part or phase of n 
to fealize what is meant by n 


» In this preliminary 
ature, we can be helped 
ature study by and with . 
children, as distinguished from natural science as com- 
monly pursued by older pupils, and can see illustrated 
something of the method, and gain some idea of the aim 
and principles on which the method is based. After 
such preliminary concrete work we shall be better pre- 


pared for the discussion in succeeding chapters of defi- 
d 
1 
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nitions, aims, and principles, and of the application of 
these to method. - è ^ 

The work as outlined in this preliminary chapter is 
not to be considered as a model or plan of work to be 
followed by the teacher in studying with her pupils the 


other plant. The 


to show the differ- 
ent points of view 
from which the dan- 


proached, and the 
different ways in 
which it may be studied, and 


to compare the relative edu- 
cational value of these differ- 
ent methods of study. 

The dandelion is selected 
for this preliminary study be- 
cause it is so familiar in many 
sections of the country, and 
: can be obtained and studied 
during several months, and because its many interesting 
habits and adaptations of structure to work or function 


make it. particularly good for illustrating method in na- 
ture study. 


Fig. 1. Root of Dandelion. 


While an effort is made to illustrate by drawings all 
points of structure which are considered, drawings can- 


not take the place of the dandelion itself. 'This chapter 


dandelion or any, 


chapter is intended. 


delion may be ap-. 


° THE STUDY OF THE DANDELION. 9 


will indt much more, be better understood and better 
appreciated, and will better prepare for later chapters, 
E the fe&der will take the book out-of-doors, and there, 

d with the dandelions-all about him, investigate for him- 

a self. ‘Phere he will not only best understand the facts, 
* dut will diseover the spirit in which nature should be 

$ approached. 

a We will dig up our &&ndelion, wash off the dirt, and 
deseribe it, as many of us havé done in our work in 
botany? 

We find that the root (see Fig. 1) is thick, long, 

. and somewhat tapering (what the botanist calls a coni- 
cal tap-root), and that it has some thread-like branches. 

> When we eut it “across (make a cross-section) we see 

that a milky liquid exudes, and discover that it has 
a central cylindrical axis, rather strong or tough, sur- 
rounded by a lighter-colored, less dense ring. (It is 
exogenous in structure.) We describe the dandelion 
root as a tap-root, cylindrical or conical, exogenous, con- 
taining a milky liquid. 

As the plant has no distinct stem, it may be called 
stemless. It really, has a very short stem, from which 
the leave: grow. What is commonly called the stem 
i$ the flower stem, not the plant stem. 

The leaves seem to grow from the root (hence called 
radical), no two successive leaves (see frontispiece, 
Fig. A) growing from the same level (alternate). 
They are long and narrow (see Fig, 2), with large 
irregular lobes which are separated almost to the middle 
line ( pinnatifid) and often inclined downward toward 
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the base of the leaf Cruneinate); and with.a central 
vein running from base to point, or apex, "sending 

out branches into the divisions on either sid (feather 
veined or pinnately veined). The leaves are smooth on 
both upper and lower surfaces (glabrous). We can, — ^ 
then, describe the dandelion leaves concisely as radical; 
alternate, runcinate, pinnately veined, e 


E 


glabrous. = m 


The blossom (see frontispiece) has a 
leafless (naked) stem (called d scape), 


" ` "m" : 3 
hollow, cylindrical, containing a milky í 
liquid. It is enclosed in rows or con- 
H 1 E 7 
centric circles (usually three in number) . M 


of green, somewhat leaflike parts (called + 
bracts, forming together the involucre), 
the divisions, or parts, overlapping like 
shingles on a roof (imbricated). The 
parts of the inner and upper row are 
long and narrow (linear), and nearly 
vertical (erect), while the parts of the 
52 other rows are somewhat shorter, and are 
Leaf of Dandelion, bent outward and downward (reflexed). 
The yellow part of the dandelion blos- y 
som, surrounded by the involucre, is found, wher; ex- 


amined carefully, to be composed of a large number 
(one hundred to three hundred) of similar parts. (See 
frontispiece, Fig. B.) x 

Each of these is fastened directly, that is, without | 
any stem (hence called sessile), in the enlarged upper 
end (receptacle) of tho flowerstem, or seape. Each 


« 
—— ——— 
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(see fig. 3), when carefully sgparated from the recep- 
tacle, is found to have at its base a small rounded. body 
which, when examined with a magnifying-glass, is seen 
to consist of a minute sack (the ovary), enclosing a 
single seed (the seed and its enclosing sack forming 
when ripe an akene), with a very short stem above the 
ovary (called the beak). Extending upward and out- 
$ ward from the upper enof 
the beak are a great number 


: Steyn. 
of fine,ssoft hairs (the clus- SEC 
ter of hairs being known as Corsten, 


Same 


the pappus), in the position 97 


of and representing the outer 
part (the calyx) of ordinary 
flowers, such as the butter- 
cup. (See Fig. 5.) Sur- 
rounded by these hairs, and cag. 
attached, like them, to the — s... 
upper end of the beak above — ry 
the ovary (hence called Fig. S 
epigynous, meaning upon or Flower of Dandelion Enlarged, 
above the ovary), is the lar- SOIN SAQUE 

ger, more pagus division, the corolla. (Compare with 
same part in the buttercup, Fig. 5). This is c 
than the pappus, yellow, united : base inia MA 
and split open and spread out flat above into a me 
strap-shaped (ligulate) corolla, with usually five Nani 
teeth at the upper sint indicating in a rudimen tory Way 
the division of the corolla into petals. (See Fig. 5.) 
An upward thread-like extension of the beak (called 
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the style) passes through the tubular base of the corolla, 
separating above into two parts (two-cleft), the inner 
surface of the upper ends of these divisions being some- 
what rough or spongy when the flower is fully devel- 
oped. These roughish surfaces form the stigma. ‘The 
ovary, style, and stigma taken together constitute the 
pistil of the little flower. Very careful examination 
with the magnifying-glass shows five minute thread-like 


^u— ^ 
parts (the stamenéjrSüning a tube about the style. 


The slender, thread-like base (filament) of each stamen 
is fastened in the tubular base of the corolla. Tence 
the stamens are said to be epipetalous, meaning on or 
upon the petals. The enlarged upper parts (anthers) of 
the stamens are united to form a tube about the style. 
(Stamens thus united are syngenesious.) On the an- 
thers when ripe is often a yellow powder i E 
Each of these similar yellow parts, surrounded by the 
involuere, and growing from pits in the receptacle, 


has all the parts of a complete flower, — calyx, co- 


rolla, stamens, and pistil. (Compare with the butter-- 
cup.) Hence each may be called a little flower, or 
a floret. l 

Flowers so arranged in clusters, growing directly 
from the receptacle, are said to be in a head. Beçause 
the dandelion is composed of many of these flowers or 
flower-like divisions, or florets, arranged in a head, 
surrounded by an involucre, it is called a composite 
flower. è 

We can describe the dandelion blossom, using the 
terms above defined, as: Growing on a naked, hollow 
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scape, composite, with an involuecre of (usually) three 
rows of imbricated linear green bracts, the inner longer 
row creca the outer rows reflexed. Individual lowers 
arranged in a close head. Parts epigynous, borne on a 
short bedk. Calyx a pappus of many fine white hairs. 
. Corolla yellow, strap-shaped, with five teeth. Stamens 
e Jive, epipetalous, syngenesious. Pistil one, with one- 
eelled, one-seeded ovary (forming in fruit an akene), with 
a long style, two-cleft. 

In thé dandelion fruit, or matured flower, the stems 
usually grow much longer, and the hundred® of little 
seeds become loosened, ready to be detached from the 
little pits or pores in the enlarged end of the stem. 
Each seed (see Frontispiece, Fig. A, 5) is somewhat egg- 
shaped, but flattened, has about its upper half a num- 
ber of minute teeth pointing upward, and bears at its 
upper end a long hairy stem which separates into many 
spreading hairs. When spread out the stem and its 
parts somewhat resemble the handle and ribs of an open 
umbrella, with the seed fastened at the lower end of the 
handle. The hairy balls, or fruit, of the dandelion (see 
frontispiece, Fig. A,.4) may be described as spherical, 
open, hairy clusters. 

; i Wa have studied and described the dandelion as a 
P form or structure, and no more. Our description thus 

far might apply as well to a dandelion fashioned out of 
clay or glass as to the weeds which struggle in our yards 
and thrive by our roadsides, and smile back at the sun. 
We have not said a word, or apparently had a thought, 
about its life, —that which distinguishes the real dan- 
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delion from its clay or glass counterfeit. We have 
considered the dandelion as something isolated “from all 
the world, having no relations to anything else.” 

We have studied and described the plant somewhat 
carefully, with a free use of technical terms, but it world 
be most unwise, in^work with children,eto begin with 
such dissection and dry technical description. This 
study of structure is merely a basis for further work ir 
this and subsequent chapters, and is not intended to 
serve as a model for teachers to follow in their work 
with children. 

Incidentally, hitherto, we have seen the value of tech- 
nical or scientific terms in deseribing structure concisely 
and exactly, and have learned, as we referred to the: 
pictures to understand the descriptions in the text, that 
pieturés illustrate flower structure much better than 
words can describe it. 

But what can we gain from such a study? What is 
the educational aim or value of such study of mere form 
and structure? 

First. We may widen our range of thought, and add 
to our previous store of information concerning the form 
of the dandelion, and the relation of its pirts. 

Second. We may gain an interest in the dandelion, 
The common, and perhaps despised, wayside weed be- 
comes a complex and wonderful structure. It would 
become still more marvellous if we could study with the 
microscope its minute details; but this does not seem 
wise, nor even possible, for those for whom this book is 
planned. 


o 
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ee We may learn, if Sve actually study the 
dandelion itself with care, and not merely read. or 
hear about it, to develop our powers hi Pw i 
tion. 

Fourth. If we endeavor to speak about what we have 
Observed, and are not content with repeating what others 
have told, we may learn, and particularly if we use tech- 

enical terms, to express more cJearle „exactly, and con- 
cisely what we have to say. 


Theoretically, we can study the dandelion as an iso- 
Jated thing. Practically, the youngest child in the 
kindergarten cannot avoid comparing the dandelion with 

° other things he has seen; in fact, the same habit of com- 
paring everything we see goes on continually through- 
out life. Assuming, therefore, that we have learned to 
recognize the dandelion as a plant, as distinguished 
from animals and minerals, and to associate it with other 
plants having flowers, we may begin to make suggestive 
comparisons. 

Let us first select the buttereup for comparison with 
the dandelion. The 5wo are alike in having roots, leaves, 
and flowers, but are unlike in the form and arrange- 
mens of these parts. Instead of one strong tap-root, 
such as the dandelion has (see Fig. 1), the buttereup 
has many rather slender roots, starting from the lower 
end of the stem (see Fig. 4). Its roots are multiple 
and fibrous. It has a-distinct stem, to which many of 
the leaves are attached. ‘This stem is cylindrical; and 
a careful study of a cross-section shows its structure to 
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be, like that of the dandelion, exogenous. The leaves 
(see Fig. 5) are alternate, have distinct leaf-stalks 
(petioles), and have several veins branching? out from 
the top of the leaf-stalk, somewhat as the fingers, when 
spread out fan-like, are attached to the main part, or 


Fig. 4. Fig. 5. wi $ 
Roots of Buttercup. Buttercup Leaf, Flower, and Fruit. 


palm, of the hand. Hence it is said to be palmately 
veined. The shape of the leaves, however, is entirely 
unlike that of the dandelion leaves. 

When we examine the flower of the buttercup (see 
Figs. 5 and 6), the most important part of the plant in 
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classification, we find that each flower is separate, with 
a distifet flower stem, instead of having, as in the 
dandeliox, many minute flowers without stems crowded 
in a close cluster, or head. Each complete flower has 
an outer green calyx, somewhat cup- or saucer-shaped 
£calyx meaning a cup), 

with, usually, five divis- M = y 
sions (the sepals). This € 7 LD 


corresponds in position 


to the pippus of the dan- 

delion. If we could ex- ^ 

„amine many kinds of com- Q 

posite flowers, we would C S NY e, 

ə find many gradations in s 
form between the calyx Os pte 3 


of the buttercup and the Op 
pappus of the dandelion. cr ly 


Hence the botanist as- 
sumes that the two cor- 


respond, but are modified rig.) Poser af baterea DURER 
in the two plants, be- 

cause they have a different work to do, or have different 
functions. The corolla, or “little crown,” instead of 
being composed of one piece united into a tube at the 
base, as in the dandelion, consists of five or more yellow 
parts (the petals), together forming the most attractive 
and crowning feature of the flower. Within the corolla, 
and above the base of the petals, are many yellow parts 
(the stamens), each with its thread-like base (the fil- 
ament) and enlarged upper part (the anther), but all 
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separate, instead of being united to form a ring or tube, 
as in the dandelion. In the centre of the buttercup 
flower is a mass of green bodies which careful-examina- 
tion shows to be seed-vessels, or pistils, each containing 
one seed, but without any style, and without any hairy 
attachment above. Unlike the dandelion floret, ip its 
great yellow cluster, 
cach buttercup: flower 
stands alone, growing 
directly from the upper 
end (receptacle) of the 
flower-stalk. The dan- 
delion and buttercup 
flowers have the same : 
parts, but the arrange- 
ment of these parts is 
very different in the 
two. 


Fig. 7, Blossom of Thistle. When we compare the 


à dandelion and the but- 
tercup with the common thistle (see Figs. T and 8) we 


find that the roots, stems, and leaves of all three are 
very unlike, and at first sight the flower of the thistle 
seems unlike those of the other two plants. A careful 
study, however, shows a cup-shaped, spiny involucre, 
similar in position, but not in appearance, to that of 
the dandelion, composed of many parts united or grown 
together. Within this spiny eu» is a large number of 
little flowers (see Fig. 8), differing from those of the 
dandelion in shape, but like them in having a mi- 
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nute one-seeded ovary, a pappis and corolla, five sta- 
mens w?th anthers grown together, and a long, slender 
style. "Phe corolla is tube-shaped, with five long, slen- 
der teeth, not strap-shaped as in the dandelion. 

If we continue by comparing 
the three already studied with 
the anemone, — wild anemone 
fluring spring or summer, and 
garden anemone (see Fig. 9) 
during the fall, — we find that 
the buttereup, while quite un- 
like the anemone in general ap- 
pearance, has flowers with simi- 

„lar parts, but witlfout a calyx, 
arranged in the same way., 

We are led by this compari- 
son to put the dandelion and 
thistle together, and the butter- 
cup and anemone together. We 
learn from the books that the fig: É ELS: i (ipeo 


first two belong to the compo- 
site family of flowering plants, and the last two to the 


crowfoot family. We have compared our dandelion 
with other forms of plants, and placed it in a class 
with plants closely resembling it; that is, we have, to 
some extent, classified it. 

What is the educational value of comparing and class- 
ifying different forms, as compared with the educational . 
value of studying the dandelion as a form by itself, 


unrelated to other plant forms? 


e 
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First. We have broadened our knowledge of plant 
forms by studying several plants. h E 

Second. We have increased our interest in jhe strué- 
ture of plants by studying variations in form and 
structure. 


Third. We have learned to use our powers of obser: 
vation more accurately. 


Fig. 9. Anemone Flower and Fruit. 


Fourth. We have learned to express ourselves bet- 


ter; to inerease our power of telling what we see and 
know. 


Fifth. We have developed our power to compare, 
to discriminate between essentials and non-essentials in 
structure, to group and classify. We have learned to 
think, as well as to see and tell, and so to arrange 
or relate our thoughts that one thing shall stand in 
our minds as a type of many. 

Yet even in studying the dandelion as a plant form in 
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. 
relation to other forms of plants; have we accomplished 
what wil be óf the highest educational value? Most 
of the wák in botany in our secondary schools consists 
of this study and description of plant forms, and com- 
parison with other forms, or tracing through an analyt- 
ical key, and „finding names, which is supposed to be 
comparison. 

Will such work meet the needs of the boys and girls ` 
in the elementary schools? Is interest in nature, and 
power tô see and compare and classify and deseribe, the 
highest pleasure or yalue they can get from nature 
study? 

Is there anything better about the dandelion for the 
children to study than its form, and its relation to other 
plant forms, like and unlike it? 

In addition to what we may call its form, or struc- 
it has other relations to its surroundings 
It is a living thing, dependent on its 
nt, — soil, moisture, air, sun; helped 
It is adapted by form and struc- 
ture and life-processes to get help from these and to 
give help to them in return. Let us study the relations 
between our dandelion and its physical environment, 
it& dependence on its environment, its adaptation to its 


environment. 
Our dandelion when separated from Mother Earth 
and dies, unless kept in a damp place 


or in water. It is dependent on the soil and on the 
he soil, and this moisture it must get from 


moisture in t 
dew and rain and cloud. It thrives only where it can 
E 


tural relations, 
or environment. 
physical environme 
or harmed by these. 


very soon wilts 


+ 
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get the sunlight; opers its yellow eye to the sun each 
morning, and closes it at night; pushes its leaves up 
above the grass, and out from the shade of Stene and 
fence; evidently it depends on the sun. If it is de- 
prived of eir, it dies, much as we should; it depends, 
then, on the air. The hairy sails on its seeds would be 
useless without wind to carry them along. It spreads 


in its flower a feast of nectar, which attracts hosts of 


insects. It certainly helps the insects; we shall find 
that the insects help it. The dandelion may be eaten 
by animals and. destroyed by man. Our dandelion de- 
pends, then, on soil and dew and rain and clouds; on 
sun and air and wind; on insects and other animals ; 
and on man. If we could study it thoroughly, we should 
find it more or less dependent on a host of other agen- 
cies; in fact, on all, or nearly all, of its physical envi- 
ronment. 

If it depends on these, it must be fitted to get help 
from its physical environment, or to struggle against it. 
Let us take up its parts in order, studying them not 
as mere forms, but as organs for sustaining life, investi- 
gating not merely their structure, but their special 
funetion and adaptation to their environment. Let us 
constantly ask not merely * What? ", but « Why?" 
and * How?". We shall have to study carefully ; 
not merely observe, but think. 

Beginning with the roots, if we very carefully dig 
up from soft soil a root with all the earth about it, and 
cautiously wash off the soil by moving the mass back 
and forth in a pail of water, we shall discover many 
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. 
things ES were 
oyerlookec be- 
fore. (See Fig. 
10.) When we 
merely pull up 
or dig up à 
plant, and shake 
ait the earth, we 
see very little of 
the root system. 
Besides the 
strong central 
root, or tap-root 

* (shown in Fig. 1), 
we now discover 
a multitude of 
branches, many of 
them very minute, 
spreading widely 
in all directions. What 
are they and tlie strong 


tap-root for? Any hoy who has 


tried to pull dandelions will tell 


us that the strong root holds the 
j plant firmly in the ground ; itis 
almost impossible to pull it out. 
Of how little value the minute 
roots are for this purpose! If 


we dig up 2 root bef 
full of milky juice. 


ore the plant 


Fig. 10. 
Roots and Rootlets of , 
Dandelions. 


has gone to seed, it is 


A root of a plant which has formed 
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and ripened its seeds "is spongy, and has little of the 
milky fluid. The inference, confirmed by careful study, 
is that this strong, fleshy root is not merely æ holdfast, 
but a storehouse of food to perfect the seeds. We see 
here one way in which the dandelion is adaptéd to get 
the most from its environment, and one-reason why it 
flourishes in the midst of and in spite of drought. It 
has made provision for such contingencies, has a store 
laid by for a dry day. What do the fine rootlets do? 
If the roots of a dandelion plant possessing these fine 
rootlets are kept immersed in a jar of water, the plant 
will grow for weeks, developing its flowers, and ripen- 
ing its seeds. Without these rootlets, with only the 
tap-root, it dies much more quickly. . This indicates — 
what is confirmed by further experiments — that the fine 
rootlets take in or absorb from the soil moisture and 
the plant food dissolved in it. By keeping the roots 
of our dandelion plants in water containing measured 
quantities of various mineral substances dissolved in it, 
we could readily ascertain that the dandelion absorbed 
through its rootlets certain minerals in*certain propor- 
tions, and refused to absorb other substances. The 
rootlets not merely absorb, but they select. We might 
discover also, by experiment, that the rootlets, and’ par- 
ticularly their tips, show Something akin to sensation 
and intelligence in the character and direction of their 
growth in the ground. The root tip is so sensitive that 
Darwin has compared it to the brain of lower animals. 


1 See Darwin's Power of Movement in Plants 3 or Newell’s Reader in 
Botany, Part 1, p. 34. 
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The ropts of the dandelion are then adapted to their 
environment :— 
aay ‘ 
First. By having a strong, tough tap-root to serve as 


a holdfast. ə 


Second. By having a thiekened, somewhat fleshy root 
to serve as a storehouse for food. 

Third. By having à multitude of hairy or fibrous 
aootlets, with many branches growing out in all direc- 
tions, to absorb moisture and food from the soil; these 
are fitted, by their manner of growth and sensitiveness, 
for their work of absorption. 

The dandelion root is, then, more than a “cylindrical 
or conical tap-root, exogenous, with a milky liquid.” 
» It is a holdfast, a storehouse, a purveyor and absorber of 


food for the plant. 
described as “radical, alternate, 


The leaves we have 
runcinate, pinnately veined, glabrous." Is that all? 
Let us ask not merely, “ What afe they?”, but, “What 


do they do?”. They grow from the upper end of the 
tap-root (apparently), forming together a circle: this is 
flat on the grotind, or saucer-shaped; or, in high grass, 
cup- or cone-shaped.» (See frontispiece.) The leaves al- 
ternate so as to leave few open spaces, yet do not cover 
one another. Nearly all of each leaf is exposed to, the 
If we watch them in a rainstorm we shall see that 
t nearly all of the rain which 
falls on them is directed downward and inward toward 
the root. The arrangement of veins (venation) aids in 
this. The veins are a system of troughs, or ditches, 
directing the water to the root. The leaves, then, are 


sun. 
they are so arranged tha 
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2 
adapted by position, afrangement, and veining | to direct 
water toward the roots. 

Clustered between their broadened bases, often 
wrapped about by them, are tiny leaf and flower buds. 
The leaves help to protect these. z 

The leaves are not merely arranged so as to give each 
leaf as much sunlight as possible, but those in high 
grass grow up toward the sun, and those in shady 
places grow out from the shade toward the sun. Evi- 
dently they have some reason for seeking the sun- 
light. 

If we cover a small growing dandelion plant with an 
inverted glass tumbler or fruit, can, we soon discover, if i 
the plant is in the sun, little drops of moisture on the» ss. 
inner surface of the glass ; if in the shade, the moisture x 
appears more slowly. By preventing the passage of 
moisture from any part of the plant except the leaves 
(spreading paper over the ground under the leaves), we 
can show that the moisture comes from theleaves. We 
learn that the leaves: throw out much of the moisture 
absorbed by the rootlets, and that the sun or sunlight 
aids them. They are adapted to throw out moisture by 
their form, — broad and thin, with a very large surface. 
By;their position and arrangement, with nearly all ‘of 
every leaf exposed to the sun, they get the greatest 
possible help from the sun. The skin (epidermis) with 
which they are covered prevents too rapid escape of 
moisture. Microscopic examination shows great num- 
bers of little openings in the skin (breathing-pores, or 
stomata), which have the power of closing and opening, 
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z 
and thus,regulating the escape*of moisture in dry or 
wet weather. x 

It cat be shown that the leaves breathe or respire for 
À the plant in a way corresponding to oumlungs, and 
that thef also take in gaseous food from the air, and 
convert this and part of the water absorbed by the root- 
* — lets into starch and other plant foods. For the latter 
process they need the help of the sun. — For this work 
they are adapted by their position and arrangement, 
exposing them to the sun, and by their form, with great 
extent of surface, through which the gases can pass, 
and on which the sunlight can act. Their effort to 
change position by bending away from the shade and 
> toward the light, and their greater length in high grass 
or shaded places, aid them in getting help from the sun. 
The strong veins, with branehes on each side, extending 
into the tip of each division or lobe, aid in lifting and 
supporting every part of each leaf in the sunlight, as 
well as in directing water to the roots, and in'carrying 

water and dissolved food into every part of the leaf. 
Now, the form and structure of the dandelion leaf 
mean something. We begin to see a reason for the 
structure in‘the adaptation to surroundings or environ- 


ment. ' 
The leaves of the dandelion are adapted by their posi- 


tion, arrangement, form, venation, and movements :— 
First. To direct water to the roots. f 
Second. To protect buds at their base. 
Third. To throw out water, with the aid of the sun. 


Fourth. To breathe. 
eee 
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Fifth. To absorb gases and make plant food, with 
the aid of the sun. ‘i , 

Wonderful as is the flower considered as asstructure, 
it becomes much more wonderful when studied as a 
living thing, an organ with a work to do, ai adapta- 
tion to work and environment. à ` 

In particular the slender, hollow flower stem is an 
admirable illustration of adaptation to work or function. 
In the bud it is ‘very short, lengthening, as the flower 
develops, just enough to push the blossom above the 
grass, and later lengthening much more to lift the 
plumed seeds up where they will eateh the wind. 
The length of the stem depends largely on the height 
of the grass or other plants about it; in tall grass it- 
may push up two feet or more to lift flower and seed 
above surrounding plants. In the late autumn, when 
little is to be gained and much may be lost by lifting up 
the flower, the flower stem, or scape, remains very short. 
It bends away from shady places. Its structure, a 
hollow cylinder, gives the greatest strength and flexi- 
bility with the least material. s 

The scape not merely lifts the seeds up into the 
wind, but when they are ripe the rapid change in the 
form of its upper end, or receptacle, from a shallow 
cup to a somewhat flattened ball, causes the seeds at- 
tached to it to spread out into the hairy sphere, and 
exposes every seed with its little parachute to the 
wind. (See frontispiece. Compare Figs. A, 5, and B.) 

The scape has one duty, to hold up the flower toward 
the sun, and where it will attract insects, and to lift up 
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2 
and spread out the seeds wheré they will cateh the 
wind. When this work is done, it shrivels and dies. 

No leSseinteresting as a study in adaptation to en- 
vironment is the involuere, with its rows of alternating, 
overlappihg bracts. Note how all the rows of bracts 

` protect the buds (see frontispiece, Fig. A, 1); how, as 
the flower develops, the outer rows are turned back or 
reflexed, while the inner row closes over and protects 
the flower at night, and often during storms, opening in 
the morning or when the sunshine returns; how finally 
it remains closed about the flower, sometimes for several 
days, while it is perfecting its seeds (see frontispiece, 
Fig. A, 3); how as the beak elongates and pushes up 
sthe pappus, this inner row of bracts also elongates and 
protects the developing seeds and their growing wings 
or parachutes, until the change in the form of the re- 
ceptacle begins to push the seeds apart. Then the 
inner row of bracts is also reflexed. 

The work of the involuere, to protect bud and flower 
and undeveloped seeds from excess of moisture and 
sudden changes in temperature, is now done, and, with 
the scape and receptacle, the bracts shrivel and die. 

Is not the involucre more than “ three rows of imbri- 
cated? bracts, the inner row erect, the outer rows re- 
flexed”? Is it not almost intelligent? Does not its 
structure embody a thought ? 

If we are not satisfied with describing the blossom 
and hairy fruit as two distinct things, but patiently 
watch the process by which the flower changes to fruit, 
constantly asking why and how, we shall learn much 
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which we can never discover from a mere pulling to 
pieces for analysis and description. Let us ‘mark sev- 
eral buds and flowers with a string or label} and note 
carefully, two or three times a day, the changes in them. 
We shall see the lengthening of the seape and the pro- 
tective closing of the flower, and the changes in the 
length of the bracts. We may note the numerous insects 
which visit the hlossom. We shall discover that afte» 
the blossom finally closes, the yellow part shrivels, is 
lifted up, and at last drops off. At the same time the 
hairy pappus is very gradually pushed up, at length pro- 
truding above the bracts (as in frontispiece, Fig. A, 3), 
the hairs of the pappus, lying pressed close together, 
separate, somewhat as an umbrella opens, the bracts are 
bent outward and downward or reflexed, and the hairy 
stems supporting the pappus of each flower diverge, and 
we have the spherical fruit of the dandelion. Why? 
How? 

—. As we watch this in the wind, or imitate the children 
as they try to discover, by blowing the seeds, * what 
time it is," or whether * mother wants me," we see the 
seeds sail away, each with its little parachute, settle 
down, and gradually work down into the' grass. 

Are the yellow blossoms, the “seals of gold in the 
meadows,” “bright as if Night had spilt her stars,” are 
they merely * flowers arranged in a close head, with an 
involucre of three rows of imbricated bracts ” ? Why 
lifted up so high? Why such-a bright color? Why 
and how do they open and close? How do they per- 
fect their seeds, and lift up and spread out their 
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fruit, the, spherical open hairy clusters" we have de- 
sembed? / 

Let us éxamine one little flower of the dandelion, 
asking constantly * why," and “how.” Each seed 
has a little stem (the beak) connecting it with the parts 
of the flower above. Why? If we have watched the 
fruit develop, we have discovered that this beak length- 
ehs, pushes up the pappus, forms the rays or radii of 

“the sphere, and is the rope connecting each seed with 
its parachute. 

Why does each dandelion flower have its outer part, 
or calyx, composed of little hairs, while in the buttercup 
it is composed of little green leaves? Each is fitted for 
its work. In the buttercup the calyx protects the parts 
within; in the dandelion the involuere protects, and the 
calyx has another duty, — to scatter the seeds. 

What is the use of the other parts, — corolla, sta- 
mens, and style? 

In the dandelion, as in all other flowering plants, 
seeds — that is, perfect seeds which will develop into 
plants — are formed, and only formed, by the union of 
the pollen (the yellow powder coming from the anther, 
or upper part of the stamens) with rudimentary seeds 
or ovules in the ovary, or lower part of the pistil. The 
grains of pollen must in some way pass from the anther 
to the upper portion of the style, called the stigma, 
from which some of the living matter (protoplasm) ia 
the: pollen grains works down through the style into 
the seed-box, or ovary, and unites with the rudimentary 
seeds there. Not until this process ( fertilization) takes 
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place will these rudimentary seeds begin to develop into 
real seeds, capable of forming new plants. } 

It is a law of nature that better seeds are produced 
when the pollen from one flower is carried to the stigma 
of another flower of the same kind ; that is, when there 
is what is called cross-fertilization. Seeds may be formed 
when the pollen of a flower gets on and pushes into the 
pistil of the same flower, but this process of selfzfertiri- 
zation is not apt to produce as healthy, vigorous seeds or 
plants as does cross-fertilization. It is to the interest 
of most flowers, including the dandelion, to prevent self- 
fertilization, and secure cross-fertilization as much as is 
possible. š 

We shall find that the structure and changes in co- 
rolla, stamens, and pistil are arrangements or adapta- 
tions to insure cross-fertilization, if possible ; otherwise, 
self-fertilization. In eross-fertilization the pollen is most 
commonly conveyed from the stamens of one flower to 
the stigmas of other flowers, either by insects or the 
wind. The dandelion hires the insects to carry her 
pollen from flower to flower. 

The corolla has the special duty of attracting -the 
insects by its bright color (one reason why the blossom 
is pushed up above the grass), and by the honey, or 
nectar, at its base. From the nectar and from the pol- 
len, of which the dandelion and other flowers produce 
much more than they can use, the provident insects get 
their store of food. The bright-colored corolla is the 
signboard telling where these can be found. In getting 
them the insects brush off and carry on the hairs on 
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various parts of their body more ór less pollen, some of 
which adhyres to the somewhat spongy and sticky sur- 
face of the stigmas of other flowers. The flower tries 
to prevent the pollen of any flower from coming in con- 
tact with,’or adhering to, the stigma of the same flower, 
and to insure ite adhering to the stigma of another flower. 


Fin. 11. Fig. 12 


Floret of Dandelion; Arrangement for Cross-Fertillzation, 
. E 


To insure this cross-fertilization, the anthers of the 
dandelion (see Fig. 11) ripen before the style or 
stigma is mature, and discharge the pollen into the tube 
formed by the union of the anthers. ‘The style then 
lengthens, and minute hairs on it push or carry the pol- 
len above the anther tube. Later the stigma ripens, 
and its two parts separate and curve outward (as in Fig. 
12), each division haying on its inner upper side the 
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spongy, sticky surface on which the pollen wust fall in 
order to develop. When the insects visit the flower, in 
search of the nectar at the base of the corolla; and come 
in contact with the pollen, they carry some of it away. 
Even if the pollen grains come in contact’ with the 
outer and under surface of the recurved stigma, the 
grains are not apt to adhere, and will not develop. 
1s When the insect visits a new dan- 
delion flower, and brushes against 
the upper inner surface of the 
forked end of the style (as ‘4 is 
almost compelled to do when push- 
ing its proboscis, or mouth parts, 
into a flower), some of the pollen 
may adhere, develop, send its pro- 
toplasm down through the style, 
fertilize the ovule, and insure the 
development of the seed. 

If, for any reason, cross-fertili- 
zation is not secured, then the two 
Fig. 13. Floret of Dandelion, Gries NES style bend down- 

Self-Fertilization — Ward and. ovtward Csee Fig. 13), 

each curving into a circle, and 

bring their inner spongy surface in contact with the 

pollen above the anther tube, thus insuring self-fertili- 
‘zation and the development of their ovules. 

ə When fertilization. has been secured, the work of 
corolla, stamens, style, and stigma is about completed, 
and they soon shrivel, and are pushed off by the growth 
of the beak. : 
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In two days or more, depending on weather and tem- 
perature; ¿fter "the florets have been fertilized, and the 
dandelions blossom has finally closed, the pappus of 
each flower is pushed, by the lengthening of the beak, 
above the enclosing involucre, the receptacle becomes 
convex instead of concave (compare Figs. B and A, 
5, in frontispiece), causing each pappus to separate 
from all the others, and the hairs to spread out like 
an umbrella inverted, and we have the “hairy open 
spherical head,” each seed with its bal- 
loon spread ready to catch the wind and 
i Z sail away. The dandelion mother shows 
LIS nofavoritism. She gives each seed baby 
_a choice seat on her tower, from which 

to-view the world and take flight. 

Mother Dandelion's care for her seeds 
does not end with the arrangements for 
their dispersal by the friendly wind. Not 
merely does she provide each seed with 
ded SLM. a balloon, or parachute, but to each she 
gives a set of grappling irons to anchor 
again to Mother Earth. If we examine carefully (see 
Fig. 14), we shall find about the upper end of each 
seed many little spines growing obliquely outward and 
upward. As the seed, after its flight in the air, settles 
down, these spines catch in the grass, and then the 
swaying of the parachute causes the seed to work 
deeper and deeper into the grass. If it alights on rock 
or hard soil, it is not so apt to catch, but may be 

carried farther, to a more promising landing-place. 
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It would seem that Mother Nature or Mother Dande- 
lion was thinking, when she gave the seed its color, 


how much better it would escape the sharp eyes of - 


birds and. insects if it had the color of the ground where 
it must rest for months. : 

When we study the dandelion in this way, asking 
“why” and “how” as well as “what,” investigate the 


work of its parts_as well as their structure, what do we - 


gain from it? What is the educational value or aim 
of such a study of the functional relations of the dan- 
delion to its environment, of its dependence on and 
adaptation to environment, as compared with the value 


of the previous study of its structure and structural or: 


form relations ? 

First. Our interest in the dandelion is greatly in- 
creased. We have studied it not merely for its form, 
but as a plant endowed with life. We have given it a 
personality somewhat akin to ourselves, and watched its 
struggles and perseverance and triumphs. We begin 
to feel some sympathy for the domestic weed. This 
is partieularly true of children, to whom living nature 
appeals so strongly. , 

Second. Our appreciation of the beauty of the dande- 
lion, which may have begun with the study of structure, 
increases greatly as we learn to see not merely the 
beauty of form and color, but the far higher beauty 
of function and adaptation. “Handsome is that hand- 
some does,” is as true for the dandelion as for any of 
the human kind. 

Third. We have laid some foundation for realizing 
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the mutual dependence and helpfulness of all nature, 
and for eduprehending the unity of nature. The dan- 
délion hás«become more than something with root, leaves, 
flowers, and seeds. It has become a unit, with all its 
parts related, and a centre about which much of its 
physical environment has been grouped. 

Fourth. We have learned to think as well as to see; 
to investigate the “why” and “ how” as well as the 
« what” of the dandelion. We have learned somewhat 
better to see or think of things in all their relations, 
functional as well as struetural, relations of depen- 
dence as well as relations of similarity and difference. 
We have developed somewhat our capacity for broad 


thinking. 


We have studied the dandelion as an isolated form 
or structure; we have compared it with other forms of 
plants; we have considered its dependence on and 
adaptation to its surroundings. Have we exhausted 
tudied them all? Have we put into 


its relations, — 8 
ayside weed all that may make 


or obtained from the w: 
its study of educational value, — all its content? 


Does the dandelion have any relations to man, or any 
higher relations? To our practical, matter-of-fact reader 
may come visions — or nightmares — of the intensely 
bitter dandelion tea administered in childhood days by 
mother or grandmother as a “spring medicine." Per- 
haps we remember with more pleasure the dandelion 
greens made from the young leaves. So the dandelion 


is of some use to man. 


o 
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It may be that we recall the persistent but often 
vain efforts to eradicate the dandelion Tromióur layn. 
Now that we understand better the resourge§ of the 
plant, we are not much surprised that we were defeated 
in our struggle with it. Perhaps we have noticed how 
the dandelion accompanies man in his, conquest over 
nature; seems to thrive best in the vicinity of man. 
It is, in some degree, dependent on or affected by man, 

Are we still young enough, ‘in heart, to enjoy tell- 
ing time as we did in childhood, by seeing how many 
“blows” it takes to scatter all the seeds in a head ; 
or, by a similar process trying to discover « whether 
mother wants us"? Perhaps we have mot forgotten. 
how to make dandelion curls and dandelion chains. 
The dandelions were close to us and dear to us in our 
childhood days. 

Has the thought come to us that the despised wayside 
weed is more to man than medicine or food or a plant- 
pest or a plaything; that it may have a higher function 
or use for man? Have we appreciated the beauty of its 
contrasting green and gold, and the exquisite delicacy 
of its cluster of seeds? Why is it, like hosts of other 
weeds, so pretty? Its beauty is not essential for seed- 
making. Why is it that — 


“Dandelion through the meadow makes 
A royal road with seals of gold” ? 


Why is it that among the flowezs, the 


“Stars that in earth’s firmament do shine,” 
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we find most frequently about our homes 


A ^ 
s ^... “the dandelions, bright 


“As if night had spilt her stars” ? 


i > Is it not because they are related to something higher 
T in man than bis physical or material nature? Have 
BA + we really studied the dandelion with our children until 
P we have helped them to appreciate its beauty ; not only 
| | : its beauty of color and form, but, far higher than these, 

its beauty of function and adaptation, the way in which 

it is fitted for and performs its work? The dandelion 

ministers to the «esthetic nature of the child. Indeed, 
|, unless the study leads to a fuller enjoyment of the 
sbeauty of nature, we have gained little from our nature 


i study. 
^g Longfellow has said, — 
* In all places, then, and in all seasons, 
Flowers expand their light and soul-like wings, 
Teaching us, by most persuasive reasons, 
e low akin they are to human things." 


As we study the mutual dependence and mutual 
arts of the plant, as we discover 


helpfulness of all pe 
n how they help and are helped by insects and wind and 


rain gnd sun, do no lessons come to us, and even more 
strongly to our children, concerning our relations to the 
world about us? How akin to the child are the dande- 


lion and the violet, of which Lowell writes, — 


ndle year long I see 
nders of faithful Nature 
of me; 


| * For the wh 


All the wo 
Still worked for the love 
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Winds wander, and dews drip earthw ards 
Rain falls, suns rise and set, Ü 
Earth whirls, and all but to prosper . 
A poor little violet.’ ? 


The dandelion is a symbol of man. Its life is full 
of symbolism for the children. From the study of the 
plant, from what comes to the child through his eyes, 
the gateways to his soul, our boys and girls can better 
appreciate what they receive from their environment, 
and what they owe to it. Hans Andersen brings out 
these ethical lessons in * The Apple Branch," and in 
many other tales. Thus the dandelion may minister to 
the ethical nature of the child — and of his teacher. 

We cannot do better than turn’ to Lowell's, poem, , 
“To the Dandelion”: — 


TO THE DANDELION. 


Dear common flower, that grow'st beside the way, 
Fringing the dusty road with harmless gold, 

First pledge of blithesome May, E 
Which children pluck, and, full of pride, uphold, 
High-hearted buccaneers, o'erjoyed that they 
An Eldorado in the grass have found, 

Which not the rich earth's ample round. 

May match in wealth, thou art more dear to me 
Than all the prouder Summer-blooms may be. a 


Gold such as thine ne'er drew the Spanish prow 
Through the primeval hush of Indian seas, 

Nor wrinkled the lean brow 
Of age, to rob the lover's heart of ease ; 
"Tis the Spring's largess, which she scatters now 
To rich and poor alike, with lavish hand, 
` Though most hearts never understand 
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To take it at God's value, but pass by 


TResoffered wealth with unrewarded eye. 


» 
^ 


Thou art my tropics and mine Italy ; 
To look at thee unlocks a warmer clime ; 
‘The eyes thou givest me 
Are in the heart, and heed not space or time: 
Not in mid June the golden-cuirassed bee 
Feels a more Summer-like, warm ravishment 
In the white lily’s breezy tent, 
His fragrant Sybaris, than I, when first 
From the dark green thy yellow circles burst. 


Then think I of deep shadows on the grass, 
Of meadows where in sun the cattle graze, 
Where, as the breezes pass, 
The gleaming rushes jean a thousand ways, 
Of leaves that slumber in a cloudy mass, 
Or whiten in the wind, of waters blue 
That from the distance sparkle through 
Some woodland gap, and of a sky above 
Where one white cloud like a stray lamb doth move. 


My ehildhood's earliest thoughts are linked with thee; 
The sight of thee calls back the robin's song, 
Who from the dark old tree 
Beside the door, sang clearly all day long, > 
And I, secure ir childish piety, 
Listenéd as if I heard an angel sing 
With news from Heaven, which he did bring 
Fresh every day to my untainted ears, 
When birds and flowers and I were happy peers. 


Thou art the type of those meek charities 
Which make up half the nobleness of life, 
phts the wise 


Those cheap deli à : | 
Pluck from the dusty wayside of earth s strife ; 
Words of frank cheer, glances of friendly eyes, 


36 
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Love's smallest coin, which yet to some may give 
The morsel that may "keep alive * 

A starving heart, and teach it to behold ( A 1 

Some glimpse of God where all before was'cold, 


Thy winged seeds, whereof the winds take aare, 

Are like the words of poet and of s 
Which through the free heaven fz 

And, now unheeded, in another age 

Take root, and to the gladdened future bear z 

That witress which the present would not heed, 
Bringing forth many a thought and deed, " 

And, planted safely in the eternal sky, 

Bloom into stars which earth is guided by. 


re 
ge 


Full of deep love thou art, yet not more full 
Than all thy common brethren of the ground, 
Wherein, were we not dull, * 
Some words of highest wisdom might be found; 
Yet earnest faith from day to day may eull — — 
Some syllables, which, rightly joined, can make Lay 
A spell to soothe life’s bitterest ache, 
And ope Heaven's portals, which are near us still, 
Yea, ‘nearer ever than the gates of Ill. 
How like a prodigal doth nature seem, 
When thou, for all thy gold, so common art! 
Thou teachest me to deem 
More sacredly of every human‘ heart, 
Since each reflects in joy its scanty gleam 
Of Heayen, and could some wondrous secret show, 
Did we but pay the love we owe, 
And with a child’s undoubting wisdom look 
On all these living pages of God's book. 


But let me read thy lesson right or no, 

Of one good gift from thee ‘ny heart is sure; 
Old I shall never grow 

While thou each year dost come to keep me pure 
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E With legends of my childhood ; ah, we owe 
Well more?than half life's holiness to these 
o Nature's first lowly influences, 
At thought of which the heart’s glad doors burst ope, 
In dreariest days, to welcome peace and hope. 


We cannot stop with the wsthetic beauty and the 
symbolism and ethical lessons of our wayside friend. 
Everything about it points to its Source. It is one of 
“these living pages of God's book,” a leaf in the 
“manuscript of God." Its form and structure and 
plan, and, much more, its life and adaptation or fitness 
for its place, point to its Maker. Unless we, and our 
boys and girls, look from nature and through nature 
up to nature’s God, our study of the dandelion or of 


“nature has missed its highest value. In this highest 
. spiritual relation we discover that which illumines and 


relates and unifies all else. 
Perhaps we can now better understand and appreciate 
the thought from Tennyson with which we began, — 


“ Flower in the crannied wall, 
I pluck,you out of the crannies ; 
Hold you here, root and all, in my hand, 
Little flower-~ but if I could understand 
What you are, root and all, and all in all, 
s I should know what God and man is.” 


oe 
, 


9 o 
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CHAPTER II. 
THE STUDY OF THE RABBIT. 
An Introduction to Animal Study. 


IN the previous chapter we have studied the dande- 
lion as a type of the plant. We have approached it 
from the morphological or structural point of view, be- 
cause that is the phase of the plant which has been 
most emphasized in the plant study of the past, and 
most teachers and adult students are apt to look at he. 
plant from that point of view. We have shown how 
much richer and higher content there is in the investi- 
gation of the life and relations of the dandelion than 
in mere analysis, description, and classification. From 
some consideration of aims in nature: study, we have 
been led to urge that the order commonly followed and 
the work done by older students in their plant study be 
modified in work with children, that they begin’ with 
and emphasize the observation of the life and function 
of the dandelion and its parts, proceeding from this to 
structure or adaptation, and finally to comparison and 
classification. : 

In this chapter we shall study the rabbit as a type of 
the animal. We will approach it from the standpoint 
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of the child, not of the adult, and will follow the order 
of study indicated at the end of the previous chapter. 
This chapter is thus intended to illustrate, much more 
‘definitely than did Chapter I, method in nature study. 
The domesticated rabbit is selected, because it is so 
, common and so many children have made a pet of it 
» and have observed its habits; because it can be easily 
ob(ained and kept and its life and habits can be readily 
observed in the schoolroom or school-yard ; because a 
rich literature, mainly of folk-lore, has been gathered 
about the rabbit, and because it is an excellent type 
animal and starting-point for the study of its many réla- 
tives, the. * gnawers” or rodents. Another good type 
animal easily studied ‘is the cat. 

Much of what follows is a gathering-up and summa- 
rizing of work in the writer’s class in nature study 
methods in the Oswego State Normal school. ‘The 
work of each class begins with a careful study of some 
common plant or animal, or both; this forms the con- 
crete foundation for the work of the term. One class 
spent two weeks en the rabbit: observing (from live 
animals at the school) and writing about its habits; de- 
scribing its strüeture and making drawings of the ani- 
mal andof its parts; comparing it with the squirrel, rat, 
eat, canary-bird, and other animals, and thus classifying 
it; and finally searching the library to ascertain what 
,  . Other had discovered and written about their friend, 
| and to gather all the folk-lore and other literature re- 
| lated to the rabbit. This was followed by a very hasty 
discussion of aims in the rabbit study, and of the order 
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to be followed in the work with the children. Each 
member of the class was then expected to prepare an 
outline, very definite and specific, for the study of the 
rabbit with children of a certain age or grade in school, 
different sections of the class preparing outlines for the 
different grades, from the first to tbe eighth. Later 
some time was spent discussing and criticising these out- 
lines. The writer wishes to acknowledge his indebted- 
ness to the members of his class for many helpful ideas 
and suggestions, and for much of the related literature. 

The plan of work and method. followed in studying 
the rabbit depend: — 

First, Upon the aim kept in mind: the cultivation of 
a sympathetic interest in the rabbit and in animal life, 
and through this a better appreciation of the beauties 
and uses and rights of the world of life; or a develop- 
ment of the intellect and intellectual powers of the 
child, training him to observe and think and express ; 
or the acquisition of a mass of faets about the rabbit 
and animals in general. Aims in nature study are dis- 
cussed in Chapters IV and V. 

Second. Upon certain laws of mind: that the child 
depends upon his senses and mainly upon his eyes for 
real knowledge; that each new idea must be related to 
or incorporated with what is already in the child's mind 
before it becomes his mental possession; that the mind 
receives and retains ideas most readily when they are 
presented in order, step by step, each point clearly and 
deeply impressed before a new point is presented; that 
the child must arrange and give back, or express in some 


M —— 
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way, the ideas presented to him, to insure clear, definite 
ideas, and to develop the power of conveying ideas to 
others. "Phese underlying psychological principles and 
their applieation are diseussed in Chapters VII, VIII, 
IX, and Xe 

Third. Upon such conditions as the age and capacity 
of the children, the material obtainable for study, and 
particularly for comparison, and the importance of cor- 
relating the rabbit study with and making it helpful in 
other school-work. These are discussed in Chapters 
XI, XII, and XIII. 

On account of the dependence of the child on his 
senses, we avoid mere talking or reading about the rab- 
hit, the first and greatest fault in much nature work, 
and make every effort to have him see as much as pos- 
sible; we emphasize and begin with and build upon that 
whieh he ean see, and omit or merely touch upon and 
leave till later that which cannot be seen. Because of 
the necessity of relating the rabbit study to what is 
already in the child's mind, we begin with that in the 
rabbit which is most closely related to the life of the 
child and most appeals to him, and dwell on its home 
and home-life,-its need of protection and the care of its 
youngyand other characteristics which show * how akin 
they are to human things." To meet the demand of 
the mind for continuity of thought, each lesson has a 
central thought, but is related to the lessons preceding 
and following; each lesson is divided into two or more 
somewhat distinct steps, and the steps and lessons are 
'earefully summarized, thus clarifying and clinching the 


" 
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important faets and thoughts, upon which new work 
must be based. Provision is made for expressive work, 
to lead the child to arrange and thus clari£y"his ideas, 
io give teacher and child a means of testing the clear- 
ness of the ideas gained, and to make the rabbit study 
helpful in other school-work. é 

The work has been planned for what are believed to 
be average schoolroom conditions. It is assumed that 
most teachers can, with some effort and trouble, obtain 
living rabbits, preferably from or through their pupils, 
and keep them or care for them for a few days in the 
schoolroom or sehool-yard. Without the living rabbits 
the study is of comparatively little value. The work is 
planned for intermediate grades, about the fifth or sixth. 
year in school; suggestions are given for adapting it 
to younger or older pupils. "The lessons, including the 
related reading and expressive work, are supposed to 
occupy from three-quarters of an hour to an hour, Much 
better results will be gained from long lessons two or 
three times a week than from short lessons (fifteen or 
twenty minutes) daily. 

' 
OUTLINE FOR THE STUDY OF THE: RABBIT. 
AIM, a 

General Aim. To awaken a sympathetic interest in 
and love for all animal life, so that the children will be 
kind and gentle in their dealings with animals; to help 


the boys and girls gain some realization and apprecia- e 


tion of the beauty and unity of nature, and of the care 
and plan shown in nature, 
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Minor Aims. To lead the children to observe the 
habits and structure of the rabbit, and see how tliey are 
adapted to eits life and home; to enable them to gain 
definite knowledge which may be used in later work ; 
to develop “their powers of observation, expression, and 
thought. 

MATERIAL. 

‘Absolutely necessary are one or two living rabbits, 
in schoolroom or in school-yard, confined if necessary 
in boxes or cages enclosed in wire netting. 

Helpful will be a box of sand in which the rabbits 
can dig or burrow, the skeleton or picture of the skele- 


‘ton of a rabbit or af the rabbit’s head, to show the 


gnawing and grinding teeth, and pictures illustrating 
their home and habits. Living or mounted specimens 
of at least two or three closely related animals, such 
as the squirrel, mouse, and rat, and of dissimilar ani- 
mals, such as the cat, are necessary for good work in 
comparison and classification. Pictures will be helpful 
if the animals themselves cannot be obtained. 


HELPFUL LITERATURE AND SUPPLEMENTARY READING. 


1. Joel Chandler Harris’s Nights with Uncle Remus. 

9. Joel Chandler Harris's Daddy Jake the Runaway. 

3. Cowpers Poems. Epitaph on a Hare and accom- 
panying note. i 

4. Bret Harte’s Poems, Battle Bunny. 

5. La Fontaine’s Fables. Translated by Elizur 
Wright. 
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6. William Hamilton Gibson's Sharp dyes. How 
Bunny writes his Autograph. a 
7. John Burroughs's A Year in the Fiells. Winter 


Neighbors. 
8. John Burroughs’s Signs and Seasons. Winter 
Neighbors. ° 


9. John Burroughs's Riverby. A Life of Fear. 
10. St. Nicholas Magazine. Old volumes. o 

Nos. 1 and 2 contain negro folk-lore, in which “ Brer 
Rabbit” plays a prominent part. They contain much 
excellent supplementary reading, which can be read or 
told to children of any age. 

In many editions of. Cowper's poems is a note accom- 
panying his poem, “ Epitaph on a Hare," in which he 
gives a most interesting account of pet hares which 
he kept for several years. k 

Bret Harte tells in “ Battle Bunny " how at the battle 
of Malvern Hill «a white rabbit, which had been hop- 
ping hither and thither over the field swept by grape 
and musketry, took refuge among the skirmishers, in 
the breast of a corporal." 

Among La Fontaine's Fables ere such as: The Hare 
and the Frogs," “The Ears of the Hare,” «The Hare 
and the Partridge,” «The Hare and the Tortoisé.” 

In Sharp Eyes Gibson tells how Bunny makes his 
tracks. In his book Highways and Byways, Gibson 
has a beautiful picture of the rabbit at home, called 
* A Winter Rendezvous." 

John Burroughs tells in Winter Neighbors, found in 
both No. 7 and No. 8, a little about a rabbit which took 
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up his abode under the naturalist’s study floor, and much 
more about equally interesting animal neighbors and 
visitors. "In. Riverby he tells of the life of fear led by 
the rabbits and hosts of other wild animals. 

The old volumes of St. Nicholas contain many excel- 
lent and well-illustrated rabbit stories for children. 

Much on the habits and structure of rabbits, good 
foe referente or supplementary reading, but lacking, 
usually, in literary value, ean be found in books on 
zoülogy and natural history, and in the natural history 
readers for children. 

ORDER OF LESSONS. 
DESSON I. Home and Home Life. 
Lesson Il. Habits. Positions and Movements. 
Lesson III. Habits. Feeding, Washing, and Senses. 
Lesson IV. Literature and Folk-lore Related to Life 
and Habit. 


‘Lesson V. General External Structure. Body and 


Limbs. 
Lesson VI. General External Structure. Head, 
Ears, Teeth. 
Lesson VII.“ Comparison and Classification. '** Gnaw- 
HA ers" or Rodents. 
Lesson VIII. Comparison and Classification. Verte- 
brates and Mammals. 


PREPARATORY WORK. 


Have two rabbits in a large wire cage in the school- 
room several days before beginning formal work. The 
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observation of habits, on which much later work is 
based, requires time. Have, if possible, a large tray of 
sand in one corner of the schoolroom; oceasionally let 
the rabbits out in the room. 

Too much emphasis cannot be placed on tlie necessity 
of personal observation of the rabbit by the teacher, as 


Fig. 15. Rabbits in Schoolroom Cage. 


well as by the children. The teacher who prepares by 
merely reading about the rabbit cannot lead her children 
in observation. The teacher who depends on the book 


will almost certainly have pupils who depend on the 
teacher and book. : 
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Have pupils care for rabbits as faras possible. Feed 
three times a day. ‘In the morning give them a hand- 
ful of hay pr dry clover, and a little of such green food 
as is in season; about noon, some good oats or meal; 
at night, more green stuff and hay, if that which was 
given in the morning is all eaten. Rabbits are very 
fond of green food, but do not let them have too much, 
and care should be taken that this is quite dry. No 
green food is better for rabbits than parsley and the tops 
of carrots ; the roots of the latter are eaten with much 
relish. Besides these, lettuce, the leaves — or better. 
still, the stumps — of a cabbage, turnips and parsnips, 
can sometimes be given them." It is commonly be- 
lieved that rabbits do not need water. They certainly 
do, at least when their food is dry, and when they have 
young rabbits to be fed. 

Find out how many of the pupils have or have had 
rabbits, and get them to watch their pets at home, and 
come prepared to tell something definite they have dis- 
covered about them. Strongly emphasize the idea that 
only the observations of the children are desired, not 
what they have heard or read about the rabbit. 

Dwell on observation of habits, the study of which 
requires most time. Much about strueture will be 
learned incidentally; the definite study of points, of 
structure can be left for the formal lessons. Direct 
the observations by placing on the blackboard or giving 
to the pupils, from day to day, such questions as the 
following, to be investigated whenever the children have 


>or can be given opportunity : — 


o 
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Position. What is Bunny's position when lying down 
or sleeping? Where and how are hislégs placed? His 
ears? Does he lie just as the cat, or dog, or cow, or 
horse does? Are his eyes tightly closed when he is 
asleep? How does he sit? How does he stand when 
watching or waiting for food, or when listening? — , 

Movements. How does he move about his cage? 
About the room? (Observe carefully and tell exactly.) 
How many ways of moving about does he have? 
(Walking, hopping, and jumping.) Does he make 
much noise when he moves about? Why? Notice the 
kind of tracks he makes (in damp sand, or, in winter, in 
Snow. See Gibson's Sharp Eyes.) How does he dig 
holes in the sand? ! 3 A 

Eating. What does the rabbit eat? How? Have 
the children feed him. How does he gnaw the wood 
of his cage? Are his teeth like any of your teeth? 
Are they all alike? What is peculiar about his upper 
lip? (The cleft.) Watch him eating, and see the use 
of this kind of upper lip. 

Senses. Watch the movements of the rabbit’s ears, 
particularly when there is a sudden noise, and observe 
their position at different times. Does he move them 
as the horse does? What is the use of having, them 
so large? Can he hear well? Can he see well? 
Watch Bunny’s nose, particularly when food is brought 
near. Can he smell well? 

Cleanliness. How do the rabbits keep clean? Watch 
them wash themselves and one another, and find exactly 
how they do it. Do they wash just as the cat does? 
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Breathing. Put your hand on your chest, and notice 
how it moves when you breathe. When does the chest 
move outor expand? When move in-or contract? 
How many times a minute? Watch the breathing of 
the rabbits, and compare it with your own. 

* Burrowing. Xt possible, give the rabbit a chance to 


burrow in the yard or in a box of earth, that pupils may 


ste how he does it. o 

Disposition. Ave the rabbits fond of one another? 
Wateh and see what they do to and for-one another. 
(Play and. eat together, wash each other's faces, go to 
sleep close together. Do they fight one another? Are 
they gentle or rough? Are they timid or easily fright- 
‘ened? Are they trustful when we are kind to them? 
Are rabbits all alike in disposition, or does each have 
his own traits, just as boys and girls do? Try to dis- 
cover the distinctive traits of disposition of the rabbits 
under observation. See also note by Cowper, referred 
to under Helpful Literature. The confidence of a wild 
rabbit in man is brought out in Bret Harte's * Battle 
Bunny.” i > 

" ^ LESSON I. 


a Homes and Home Life. 


Special aim. To broaden the sympathy and knowl- 
edge of the children by helping them to see some of the 
points of similarity between the homes and home life of 
the rabbits and of themselves, leading them from the 
domesticated rabbits to the less familiar wild rabbits ; 
to Jay foundations for the study of habits. — , - 


LI 
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Aim given to the pupils: To-day we are going to 
find out all we can about Bunny’s home. 

Material needed. A box of earth in which Bunny 
can burrow, and pictures of wild rabbits in the woods, 
or even of the woods alone: pictures of the Durrows of 
rabbits or other similar burrowing anintals, such as tie 
prairie dogs, will be helpful in impressing the ideas. 
Some beautiful pictures of rabbits at home can be found 
in Gibson’s Highways and Byways and Sharp Eyes. 

Sree I. Domesticated rabbit's home. 

To give the children the right point of view, it may 
be well to begin the lesson by asking some of the pupils, 
those with good homes, about their homes, bringing out 
briefly the necessity for protection from rain and cold, 
and for food and care; the special care given to the 
children, and, most of all, to the baby; the mutual love, 
helpfulness, and forbearance, which really make the 
home. Now let us study the rabbit’s home. Its home 
is certainly not here in the school-room. 

The homes of the rabbits. Where and how they are 
kept. (In cages or loose in yards.) 'The construction 
of the houses or cages, to insure protection, fresh air, 
and cleanliness. Use of cages in protecting rabbits 
from weather and from animals from which they cannot 
protect themselves. Contentment in these when Bunny 
is well fed and cared for. How they escape from them 
by gnawing the woodwork or burrowing under the 

- walls. How, when loose, they sometimes make burrows 
for themselves, or hide under buildings or in brush piles 
or under low-branching shrubs and trees or in tall grass. 


COURTESY OF FERRY PICTURES CO- 


RABBITS AT HOME. 
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Care of rabbits. Importance of cleanliness. Feeding 
them.’ What, how, when? Importance of often giving 
them their liberty, letting them run about. » Mow they 
appreciate kindness shown them; how affectionate and 
trustful they sometimes become. (See Cowper's account 
of the treatment of his hares.) ° o 

Home life. How affectionate they usually are. How 
pleased to be with one another when placed together 
after separation. (It is often asserted that a rabbit, 
accustomed to the company of others, will pine and soon 
die if kept alone.) How they huddle together when 
resting or asleep. How they play and frolic together, 
particularly when let loose. ,Their scrupulous cleanli- 
ness, usually ; how they wash themselves and one an 
other. Their care of their young. 

Summary. Have a definite oral summary with as few. 
questions as possible, having two or more pupils tell all 
they can and as clearly as they can about each of the 
following points : 

The homes of the tame rabbit. 

How we should care for the rabbit, aud how they show 
their gratitude for our kindness. . 

How the rabbits love and care for one another. 

STEP 2. Zhe homes from which the rabbits first came. 

The rabbits were not always pets. Like the horse 
and cat and dog, and all our domestic animals and pets, 
they were once wild. 

Why made a pet. Review those characteristics brought 
out in previous step, which make the rabbit a good pet; 
its tameness; its cleanliness; the comparative ease 
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with which it ean be cared for, on account of the nature 
and variety of ifs food. In Europe millions are raised 
every ye&r,and sold for food; their skins and fur are 
also largely used. 
Their original homes. Wild rabbits have been found 
- fox thousands of years in the warmer parts of Europe, 
Asia, and Afrie: 
"except those which have been brought here. What we 
‘call wild rabbits are really hares. Have these regions 


i. No true rabbits occur in America, 


Tocated by the pupils on the maps, if they are old enough ` 
to use maps. “Try to picture the homes of the wild rab- 

bits in the woods and fields, and their free life as com- 

pared with that of their tame cousins. 

o Their houses. They have no boys to make houses for 

them; they make their own by burrowing. The tame 

rabbit in a box of earth or loose in the yard may show 

how the rabbits dig their burrows. The burrows are 

said to be in a zigzag, to make it harder for other ani- 

mals to get in; in the side of the hill, when possible, to 

faeilitate the removal of the earth, and to have several 

openings for escape. Because of the social instincts of 

the rabbits, many burrows often communicate, forming 

a “warren,” in which scores may live together. The 

mothez often digs a special burrow for her young, try- 
ing to find a dry place in light sandy soil, enlarges the 

bottom for a “nursery,” and pulling hair from her own 
body, makes, from it and dry leaves, a comfortable bed 
for her babies. It is said that she often remains with 
them two days without any food. When hunger com- 
pels her to go out, she carefully covers the opening. 
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Their home life. ‘In its wild state the rabbit is an 
intelligent and amusing creature, full of odd little tricks, 
and given to playing the most ludicrous antics as it 

á gambols about the warren in all the unrestrained joy- 
ousness of habitual freedom. 

* At one time they are gravely pattering about the 
doors of their underground homes, occasionally sitting 
upright and gaging in every direction, as if fearful of a 
surprise, and all behaving with the supremest gravity. 
Next moment some one gets angry and stamps his feet 
fiercely on the ground as a preliminary observation be- 
fore engaging in a regular fight. Suddenly a whole 
party rush off at full speed, scampering over the ground 
as if they meant to run a mile, at least, but unexpectedly 
stop short at an inviting tuft of herbage, and nibble it 


composedly as if they had not run a yard. Then a sud- ` 


den panic will flash through the whole party, and with 

rabbit leaps into its burrow and 
vanishes from sight like magie. The spot that was so 
full of life but a moment since is now deserted and 
Silent as if it had been uninhabited for ages; but in a 

- few moments one little nose is seen cautiously poked 
out of a burrow, the head and ears follow, and in a very 

few minutes the frightened rabbits have come agar into 
the light of day, and have recommenced their interrupted 
pastimes.” (From Animate Creation.) 

Their enemies. They are found in every direction: 
owls and hawks swoop down from above; weasels, 
foxes, hedeehogs, and the domestic cats catch them 
in or dig them from their burrows; man (the most 


a rush and scurry ever 
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cruel of all, because he kills them for mere sport and 
not to satisfy his hunger) chases them with hounds. 
Appropriate here will be a story illustrating the ocea- 
sional sagacity of the rabbit in outwitting the hounds, 
or a story from Nights with Uncle Remus. See also A 
Life of Fear in Burroughs’s Riverby. 

Their food and the damage they do. Often kill young 
trees by gnawing the bark. When abundant, are very 
destructive to vegetation, sometimes making it impossi- 
ble to raise crops. In some countries, such as Australia, 
where they were introduced as pets and have multi- 
plied enormously, great hunts, with hundreds of men, 
are organized, and the rabbits are killed by thousands. 

e Summary. Have several pupils summarize the points 
discussed, emphasizing their burrows, warrens, and home 
life. 

Sree 3. Zhe home of the hare (usually called the 
« wild rabbit") of our country. 

Any of the pupils who have lived in the country or 
have passed much time in the woods can probably tell 
something about the “ wild rabbit." Depend on them. 
as much as possible. 

How distinguished from rabbit. The hare always has 
longer ‘ears, longer than the head; in the rabbit the 
ears are shorter than the head. The common species 
are considerably darker in color than the rabbit, at least 
in summer, the more common one being yellowish 
brown in summer and gray in winter (hence called by 
the early settlers “gray rabbit,” a name still used) ; 
another reddish brown in summer and whitish in winter 
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(pure white in the far north), with ears tipped with 
black. The “gray rabbit" can often be obtained at 
the markets in winter; it is largely used for food. 
Common in the west is the “Jack Rabbit.” 

Home. Occurs in most or all sections of the United 
States. Does not burrow, but only makes a slightede- 
pression in the ground, usually under a tuft of grass or 
fern or a low hush or a pile of brushwood, in which the 
hare lies so flatly pressed to the earth and so closely 
resembling in color the soil and dried herbage that 
it can hardly be distinguished from them. To this 
simple home, or “form” as it is called, the hare seems 
much attached. : 

Home life. Touch only on points different from ra5- 
bits. More solitary, not social in habits. Said to be 
more courageous. Sagacity in escaping from hounds 
and from its many other enemies. When hunted, often 
stands perfectly still or squats behind a clump of sod, 
being almost indistinguishable from its surroundings. 
Often destructive to trees and other vegetation. The 
article by Cowper, referred to under Helpful Litera- 
ture, tells much about the life and habits of hares 
which had been domesticated. 

STEP 4. Summary of whole lesson and exoressive 
work. j 1 

Dwell in this final oral summary on the home and 
home life of the tame rabbit, and of the hare or Ameri- 
can “wild rabbit; " these are nearer to the children, 
and it is more important that they should know and 
remember about them. The study of the true wild 
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rabbit of other lands is of value, mainly, as a means of 
relating, and at the same time distinguishing, these two 
which occur about our homes. 

As much of the matter in this lesson cannot be based 
on actual seeing by all the members of the class, it does 
not seem wise to ask all the pupils to write about the 
home of the rabbit. It may be well to have those who 
have kept rabbits write about * My Rabbit at Home.” 
These papers may be read and preserved as written 
summaries. An excellent way of summarizing such a 
lesson may be to read and discuss with the pupils one 
or more of the articles suggested under Helpful Litera- 
ture. The articles will serve to re-enforce and more 
deeply impress some of the thoughts, which may be 
more important than the mere facts, and the discussion 
may enable the teacher to test the real results of the 


lesson. 
Adapting the lesson. Where the children “are full 


of the subject” of rabbits, tame and wild, it will be 
necessary to extend this into two lessons. Where they 
know from observation considerable about the homes of 
tame rabbits and nothing about their wild cousins, it 
will be well to emphasize Step 1, and merely touch on 
Steps 2 and 3. Where they know little or nothing 
about rabbits, and the lesson is merely so much informa- 
tion given them by the teacher, it should certainly be 
condensed into one lesson. In such ease, however, the 
reading suggested may oecupy another lesson. 
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Habits, Positions, and Movements. 


e 
Aim. Muchas given in Lesson I. We have learned 
about the homes and home life of the rabbits. To-day 
we will see how much we have learned, and how much 
we can learn, with our own eyes, about their habits, and 
the ways in which their life resembles ours. 
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Fig. 16. Drawing of Rabbit, “blocked in.” 


Preparation. Previous observations. The suecess 
of Step 1 will depend almost entirely upon the definite- 
ness of these preliminary observations. 

Step 1. Positions. "d 

When at rest. Draws himself together into a furry 
bell, his back arched, with the highest point back of the 
middle, his head drawn in close to the body, his ears 
turned more or less backward, his eyes only partly 
closed, his feet under him so that they scarcely show. 

When asleep. Sometimes in above position. More 
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commonly he stretehes his body out full length, turns 
on one side with his hind legs extended and his head 
resting om kis fore paws, his ears lying back close to the 
body with the openings always turned outward, and 
with the eyes always, apparently, partly opened. Rab- 
bits often sleep or rest close together, with their heads 
on one another. 


o 
Jg 
US PEE: 


Fig. 17. Drawing of Rabbit, completed. 


When sitting. Sits with the hind legs doubled under 
him and the*fore legs straightened, thus raising the 
fore part of the body, and with the ears erect, or with 
the body resting on the hind legs and the fore legs quiet 
or used as hands. When feeding often assumes this 


position or the next. 


When reaching for food or listening. Often stands 
with body stretched out full length, resting on the hind 
feet or toes, the head extending upward and forward. 
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Compare the positions with those of the cat. Notice 
that their position, whether reclining or sitting, is usu 
ally such that they can spring up instantly, that the 
opening of their ears is always turned outward, that they 
hear very slight noises even when asleep, and that their 
eyes never seem to be entirely or tightly closed. Why 
is this so? 

Summary and expressive work. For a summary have 
at least two children tell, as clearly and exactly as pos- 
sible, the position of body, head, ears, and feet when the 
rabbit is reclining, and two others tell about the posi- 
tion of these parts when the rabbit is sitting up, all 
telling the “why” as far as possible. As the impor- 
tant ideas’ to be impressed are position or form ideas, and 
these can be expressed by drawing much more clearly 
and exactly than by words, drawings may serve as the 
best summaries. If any pupils can draw fairly well, 
have them draw, in outline merely, the positions of the 
rabbit. Have the class, with the rabbits before them 
for observation, tell the teacher how to draw the outline 
(only gross features, not details) of-the rabbit on the 
blackboard. If the teacher pretends to know nothing 
about it, and compels them to observe exactly and ex- 
press clearly, by drawing only what they tell herand as 
they tell her (but not carrying this so far as to discour- 
age the children), this exercise may be made very profit- - 
able in helping both teacher and pupils to test the 
exactness of their observations and their power of ex- 
pressing their ideas clearly. 

This Step 1 is essential for giving the children the 
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basie form ideas which will enable them to picture the 
rabbit, and serves as a foundation for the study of other 
habits and of structure. 

Strep 2. Locomotion. 

Walking. Watch Bunny in his cage, or where he has 
little room to move about. Have children recall, or 
better show, how they walk, moving the two legs alter- 
nately, and then how they walk on “all fours.” Why 
do they move the right arm and left leg and the left 
arm and right leg together? The rabbit walks in the 
same way, but is apt to bring his two hind feet forward 
with a jump. Compare with walking of cat or horse or 
dog. Bunny does not walk much. É 

> Hopping. His usual means of locomotion when not 
frightened or hurried. Best seen when rabbit is loose 
in the room. Have the children tell or show how they 
hop. If they hop on “all fours,” they will hop as the 
rabbit does. The fore feet touch the floor one after the 
other, then the hind feet are quickly brought forward 
togetlier. 

Jumping. His means of movement when hurried or 
frightened. Notice how softly and quietly he comes 
down, and how his feet spread out. Can only be seen 
when ke has room to jump. It is difficult to see just how 
he does it. How do the children jump? The rabbit 
does it in much the same way, moves his fore feet for- 
ward at the same time, then quickly brings his hind feet 
forward so that they are outside and in advance of the 
fore feet, making a jump of a yard or more. A little 
sand or even chalk-dust scattered on the floor over which 
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the rabbit hops and jumps may show the marks he 
makes, which the children may often see in the snow. 

Adaptation for locomotion. Which legs arg‘the longer 
and stronger? Why? Why do the hind legs (the 
portion most readily seen) double backward, like the 
joint at our ankle, while our legs have the main joint, 
at the knee, doubled forward? Is there any advantage 
in this arrangement when the rabbit hops or jumps? 
Compare with cat, dog, and horse. Why is it easier for 
the rabbit to hop or jump than to walk? How are his 
feet and toes arranged and covered to prevent jar and 
noise when he moves? s 

Summary. As hopping is the main means of locomo- 
tion, so far as the children can usually observe, empha- 
size this. Have the pupils tell, and if necessary show, 
or illustrate, exactly how the rabbit hops, and tell What 
they can about walking and jumping. Have others tell, jg 
with the rabbits before them, how the legs, fore and 
hind, are fitted for hopping and jumping rapidly and 
noiselessly. Reading and discussing Gibsons How 
Bunny Writes His Autograph will further summarize 
and impress what they have observed. 

Step 3. Playing, breathing, burrowing: 

Playing. Nothing probably will so impress cn chil- 
dren the similarity between rabbits and themselves, 
“how akin they are to human things,” as watching 
their frolics. The rabbits the writer observed had great 
frolies in the schoolroom after most of the pupils had 
left, playing “leap-frog,” “tag,” and other games, and 
acting like two happy, active children. 


. 
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Breathing. Have the pupils first describe how they 
themselves breathe, telling about the movements of the 
chest and sides, and noting how fast they breathe. They 
can then tell more intelligently what they have observed 
about the breathing of the rabbit, comparing with them- 
selves. When do the rabbits—and they — breathe 
most rapidly? Why? 

Burrowing. As this is so essential in the life of the 
wild rabbit and many other animals, it will be helpful 
if the pupils can see exactly how they burrow, digging 
with their fore feet, and pushing the earth away with 
their hind feet. Two or three pupils, preferably those 
who have rabbits, may be assigned this as a special 
topic for investigation and report. It is said that rab- 
bits much prefer to make their burrows on hillsides. 
Why? Many of our hares, or so-called “ wild rabbits,” 
burrow under the snow in winter. 

SmcEP 4. General summary and expressive work. 

Not everything observed or discussed in the lesson 
can be or should be reviewed at the end, but those 
habits most important and most clearly observed. If 
the drawing of the rabbit in one or two most common 
positions is attempted, as suggested after Step 1, this 
can be tthe expressive work. If this seems impossible, 
perhaps the pupils can write about those things studied 
in the lesson which they have seen most clearly, and 
therefore know most about. A good subject will be, 
“How Our Rabbit Rests, and Plays,” telling how the 
rabbit lies when resting, and how he sits, how he hops 
when playing, and how he breathes after playing. A 
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broader subject with more scope for individual obser- 
vations is, * What I Have Seen About the Rabbit/s 
Habits." Insist that each pupil tell only, what he has 
seen, and tell it as exactly as possible, looking at the 
rabbit or going to the rabbit, when necessary, to make 
sure of the truth of what he writes. , 


LESSON HT. e 
Habits. Feeding, Washing, and Senses. 


Aim and preparation. As in Lesson II. 

Material. Living rabbits which have not been fed 
for several hours. Food, such as cabbage and carrots, 
to show how they bite off food- and how they gnaw. 
Water for them to drink. 

Srep 1. Feeding. 

Child's eating. Have children tell, and perhaps show, 
how they eat their food, biting it off with the sharp, flat 
biting teeth (incisors) in the front of their mouth, and 
grinding it with the broad, grinding teeth at the back. 
Have them feel the shape of the two kinds of teeth. 
They can eat almost any kind of food. Have them note 
that they move their jaws up and down and sideways 
when chewing. , 

Rabbit’s food. Leaves, vegetables, bark, ete., not 
meat or grain, but food which must be bitten off. 

Rabbit's eating. Have pupils tell everything already 
observed about the rabbit's way of eating. Give rab- 
bits cabbage. Note how they often eat together from 
the same leaf. Note position, commonly reaching up 
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or sitting on hind legs. How does the cleft upper lip 
aid them? How do they bite off the cabbage? Note 
carefully number and character (chisel-like sharpness) of 
front or incisor teeth in each jaw. The rabbit moves his 
lower jaw up and down and sideways, and from front 
to Back, when he chews, much as the child moves his 
jaw. It is dificult to see the back or grinding teeth. 
Ifmecessary, tell children that the rabbits have five or 
six grinding teeth in each half of each jaw. Compare 
with food and way of eating of cat or dog. Does the 
cat or dog have any teeth which rabbit does not have? 
(Canine or dog teeth.) 

Gnawing. Perhaps pupils have already observed the 
rabbit gnawing the woodwork of his cage or home, or 
have discovered evidences of his gnawing power. Try 
to ascertain exactly how they do it, how they use their 
teeth in the process, and how the teeth are fitted for 
gnawing. They may gnaw the carrots. 

Adaptation. How the rabbit is fitted for its food and 
way of eating. Reason for the long, chisel-shaped, sharp 
front teeth. Teli the children that the back of each 
incisor tooth is softer (composed of dentine) and wears 
away more rapidly than the front part (covered with 
enamet); this keeps them always sharp. As fast as 
they wear away they grow out from the jaw, so that 
their length usually remains about the same. Some- 
times they grow more rapidly than they wear away; 
then the rabbit has a hard time, and may in time die, 
because his teeth become so long he cannot eat. Use 
of the cleft upper lip. Advantage of having the lower 
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jaw move up and down and from side to side and from 
front to back, somewhat like our jaw, but moving more 
freely. 


Summary. 


Have pupils tell: — 

How the rabbits way of eating is like ours, and how 
different from it. 

How the rabbit's teeth and lips are like our teeth 
and lips, and how they differ from them. 

STEP 2. Drinking. : 

How does the child drink? Pours or sucks water 
into his mouth. How does the cat drink? Curves the 
tip of its tongue into the shape of a spoon, and laps or 
draws the liquid into the mouth. How does the rab-. 
bit drink? 

STEP 3. Washing. e. 

How do children wash? Need soap, towel, comb, 
brush. Do they keep as clean as Bunny? One great 
reason why he is a pet is because he keeps so clean. 
How does he do it without Soap or towel? How many 
of the children have their hair well combed or brushed ? 
How does Bunny’s fur look? How does he keep it 
looking so well without comb or brush? 1 
; Bunny uses the bottom of his foot, with its stiff hairs, 
for brush and comb, and his tongue for a wash cloth or 
sponge. Licks with his tongue parts which can be thus 
reached; washes face and other parts with paws; holds 
down ears with hind paw, and washes with tongue or 
front paw. 
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This is an interesting step to the children, and will 
repay careful, patient observation. 

Compare with the way in which cat washes herself. 
Very similar, 

Srer. 4. Hearing, smelling, sight. 

Need of keen sexses. To aid in escaping from enemies. 

Hearing. Recall how people put their hands behind 
the& ears to help them hear better, and how they turn 
their hands and ears toward the sound. Some of, the 
pupils may have noticed how horses turn their ears 
toward the sound. 

Note how the rabbits lift up their ears at a sudden 
sound, and how they are turned with the opening for- 
ward and outward. Try to test acuteness of hearing. 
Note position of ears when Bunny is quiet, resting or 
sleeping. Reason for haying such large ears ? 

Sight. Eyes seem to be partly open, even when rab- 
bit is sleeping. Why? Our eyes are in front and in 
sockets.  Rabbit's eyes more at sides and are large, 
“bulging out” more. Why? It is said that the rab- 
bit can see behind*and at the side better than straight 
before him. It must be difficult to close the eyelids 
over eyes that are so large and protruding. (The belief 
that rabbits cannot shut their eyes is the basis of the 
story “Brother Rabbit and the Ginger Cakes” in Joel 
Chandler Harris’s Daddy Jake.) 

Smelling. Constant motion of nose. Watch nose 
when eabbage or similar food is brought near. Does 
the rabbit's sense of smell seem to be good ? 

Summary. How do Bunny's ears, eyes, and nose 


help him ? 
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Strep 5. General summary and expressive work. 

Have pupils write about * How We and the Rabbits 
Eat, Drink, and Wash Ourselves," letting each tell most 
about what he is most interested in. 1 

At this time pupils would enjoy and appreciate what 
Cowper tells about his hares. 


LESSON IV. 
Literature Related to Life and Habits. 

Aim. To broaden and strengthen the ideas of the 
pupils by having them look at the rabbit and his life 
through the eyes of others. É 

Material. Any of the literature or folk-lore suggested 
under Helpful Literature will be “appropriate and, help- 
ful. If this is not available, considerable on the habits 
of rabbits and of their relatives, such as the squirrels, 
can be found in the books on popular natural history, 
or in the Nature Readers. 

Method. Do not let the class, as a class, read any- 
thing with distinct literary merit, such as “Battle 
Bunny? or anything like the dialect stories of Joel 
Chandler Harris. They will « murder” it, and miss 
most of the thought and beauty.  Read'these to them, 
or intrust such reading only to pupils who can do it 
fairly well. Phat which is merely supplementary read- 
ing and not literature may usually be read by the class 
with advantage. 

A little discussed with them and related to their own 
observations is better than much merely read to them. 

It may be well to discuss some of the superstitions 
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connected with rabbits or hares : “the carrying of a rab- 
bits foot in the belief, most prevalent among colored 
people, that # brings good luck; the fear of a hare or 
hare's foot among English fishermen, so that the men- 
tion of a hare's foot brings terror; a hare thrown into 
a boat will prevent it from going to sea, and a “hare 
running along the beach in front of all the fishermen’s 
huts would shut them up as effectually during the day 
as if each were guarded by a regiment of soldiers; ” 
the old belief that witches could turn themselves into 
hares. 

E LESSON V. 

General External Structure. ` Body and Limbs. 

Aim of this and süeceeding lessons. To lead the 
child to broader conceptions and greater unity by help- 
ing him to see the plan of body of one animal and its 
adaptation to its life, and to discover this plan. and 
adaptation to life in many related animals. 

Aim, as given to pupils: To-day we will find out all 
that we ean about the body and limbs of the rabbit. 

Material. Living rabbit, as before. Skeleton, or pic- 
ture of skeleton, of rabbit or some other quadruped. 

Srer 1. General appearance. 

Review position of rabbit and of legs and ears when 
he is reclining and when sitting, as studied in Lesson 
II. The best preparation for the study of structure is to 
have the teacher make on the blackboard a drawing of 
the rabbit in these two positions, drawing from the de- 
scription and directions of the pupils; this exercise will 
compel the pupils to observe very carefully the form and 


70 NATURE STUDY. 


relative position of the rabbit and of its main parts. 
After this drawing has been made and erased, if the 
pupils can draw the rabbit for themselves; drawing as 
exactly as they can, directly from the rabbit, the study 
and description of form or general external structure 
will be much simplified. 

Strep 2. Body, trunk, head. 

Body as whole. Form egg-shaped, or somewhat erlin- 
drical when stretched out. Narrower and somewhat 
pointed at anterior end, like most boats and fishes. 

Position commonly along or parallel with ground. 
Compare with usual position of children. 


Compare size with that. of other familiar animals, 


such as cat. Measure absolute length and height, and 
relative length of trunk and head. 3 

Burry covering. Everywhere except on inside of 
ears and tip of nose. Beauty; softness and fineness 
(have pupils feel it) and color. Note color under feet. 
Variations in color in different individuals. Color be- 
coming lighter in winter in hares. Use; to beautify 
and to protect from cold. Compate with clothing of 
children and furs worn in winter. 

Two main divisions. Form and relative size, and rel. 
ative position of trunk and head. Impress by sketch- 
ing mere outline of the two. Each generally ovoidal. 
Head about one-third length of trunk, with its longer 
axis oblique (about 60°) to axis of trunk. 

STEP 3. Tail and limbs. 

Tail. Position, direction, size, covering. 


Impress 
small size by contrasting with other animals. 
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Limbs. Review what was learned in Lesson II. about 
usual means of locomotion, hopping and jumping. How 
many times as far can the rabbit jump as the child, 
keeping in mind their relative size. 

Have children tell about their own legs and arms, 
their^position, relative size, the direction of motion and 

^comparative freedom of motion of arms and legs, the 

three divisions of each (upper arm, fore arm, and hand, 
and thigh, leg, and foot), and the direction of motion 
at the joints, at knee, ankle, elbow, and wrist. Have 
them note and show how, when ready to jump, they 
stand on their toes, with legs flexed at ankle and 
knee, and spring by suddenly straightening these 
joints. 

Position and attachment and covering of legs of 
rabbit. Greater freedom and range of motion of fore 
legs. Greater size and strength of hind legs. 

Parts of hind leg. Thigh, leg, and foot. Compare 
with child's leg. Thigh very short, with joint corre- 
sponding to child's knee close to the rabbit's body. 
Leg, corresponding to part of child's leg between knee 
and ankle, long and strong. Prominence of ankle 
joint. Part below the ankle joint, corresponding to 
child's ankle and foot, greatly lengthened. Cushion 
or pad near end of foot covered with brush-like hairs. 
How many toes on each hind foot? Are they movable? 
Do they spread out? Compare legs, toes, and claws 
with those of cat or dog. 

Fore limbs. Relative size of parts and character of 
joints, as compared with similiar divisions of child's fore 
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limbs. Number of toes and flexibility. Comparison of 
fore paws with child’s hand. "T. 
Adaptation or “why.” Use of limbs: Hind legs 
mainly for jumping or hopping, the rabbits way of 
moving about. Fore legs mainly for grasping things, 
-and sometimes for defence. - Compare with uses of 
child's legs and arms. The former require strength, 
the latter freedom and range of motion. Legs adapted 
for jumping by their strength and character of joints 
. and direction of bending. The lengthened foot gives 
a firmer. support, and probably greater strength and 
quickness. The flexibility of the foot and toes, and 


cushion on the toes, lessen the jar and noise when alight- 


ing. The spreading of the toes and the hairy brush 
aid in making the step so noiseless, and assist in walk- 
ing on the snow. In similar way study adaptation of 
fore leg. i 

Do not let this degenerate into a mere “ guessing 
match.” Base all study of adaptation on definite, care- 
ful observation of habits, structure, and use; otherwise 
it is useless, or worse than useless. ' 

In this study: of adaptation; teacher. and children are 
“thinking God's thoughts after Him” in a way which 
appeals very strongly to children, if it is propetly done, 
based on what has come to them 
not merely “preached” to them. 

STEP 4. Skeleton. 

Have children discover, hy feeling their own bodies, 
that each has a backbone, ribs, and a bony framework 
or skeleton, in arms and hands and legs and féet. Lead 


through their senses, 
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them to think and tell about some building which they 
have seen in*process of erection. What is the use of 
the framewozk of the house? Of the skeleton or bones 
of the body ? 3 
^ Holding Bunny by the ears, have one or two chil- 
drew gently feel of his body. Does he have bones? A 
ə backbone? Ribs? Bones supporting hind legs and 


Fig. 18. Skeleton of Hare. 


feet? Bones in fore leg and feet? What are they 
for? 4 

With older pupils a skeleton of rabbit or other quad- 
ruped, er picture of a skeleton, will be helpful in im- 
pressing the plan of the bony framework. Compare 
with picture of human skeleton. 

With young children touch yery lightly on this step. 

Srer 5. General summary and expressive work. 

A drawing of the rabbit, drawn with care by each 
child from nature, even though very crude, is the best 
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way of reviewing, making clear and exact, clinching 
and expressing, the main points of structure. 

If this seems too difficult, have theme write about 
* What I Have Learned About the Rabbit's Body and 


Legs,” or “The Parts of the Rabbit's Body and Legs, ° 


and How They are Fitted for His Life,” or * Ways in 
Which the Rabbit's Body and Legs and My Body and 
Legs are Alike." The written work may be left until 
after the next lesson, which is short. 

Adapting Lesson. If too long, dwell on structure and 


adaptation of limbs, and on existence of backbone and 
of bones in limbs. 


LESSON VI. 
General External Structure. Head, Hars, Teeth, 
Aim. As in Lesson V. 
Material. Living rabbit and cat or dog. If obtain- 
able, skeleton, or picture of skeleton, of head of rabbit 


and of cat or dog, showing kinds, arrangement, and 
number of teeth. 


Srep 1. Drawing. 

A drawing, made as carefully as possible by each 
pupil from nature, of head and neck, bringing out rela- 
tive position and form or appearance of neck, head, 
ears, eyes, nose, and whiskers, will compel the pupils to 
observe much more carefully than if they merely tell or 
write about them, and will greatly aid in impressing 
these features upon the mind. 

Srep 2. Head as whole. 


Connected with body by short, flexible neck. Neck 


i 
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often looks as if, string were tied about body where 
head joins it. Head somewhat egg-shaped, its axis 
oblique to axis of trunk, and about one-third as long, 
covered with fur, except inside of ears and tip of nose. 

Strep 3. Fars, eyes, nose, and * whiskers.” 

Bars. Position: on top of head. Compare with posi- 
tion and freedom and range of movement of child’s ears. 
Fotm: like a leaf rolled at base. May be well to have 
a piece of paper cut shape of ear and rolled in same 
way. Size: measure length, and compare with length 
of head. Covered with fur on outside, with hairs in- 
side, longer and more numerous toward base. Net- 
work of veins on inside, giving pinkish tinge. More 
or less transparent, and apparently delicate, but quite 
strong, as shown by faet that rabbits are carried by their 
ears. 

Eyes. Have pupils observe and tell about their own 
eyes, — their position in front of head, sunk in sockets, 
with upper and lower eyelids, with eyebrows and eye- 
lashes, with a dark pupil in centre of eyeball, a colored 
part or iris about that, and the white of the eye around 
the iris. > ae 

Compare rabbit’s eye with child’s eye. Is on side 
of head; large, stands out from head, is usually pinkish, 
has parts corresponding to parts of child’s eye, but 
somewhat difficult to see. Perhaps quick-eyed pupils 
can discover under the two eyelids a thin, membraneous 
* third eyelid,” which coyers the pupil somewhat when 
the eyelids are brought together, and is drawn down 
into the inner lower corner of the eye as the. eye is 


16 z NATURE STUDY. 


opened. If they watch the movements of the eyes, 
they may observe that the rabbit can turn his eyeball 
toward his tail, and see behind him with little movement 
of the head. . 

Nose. Position: very freely movable, and almost 
constantly in motion. Small, as compared with most 
animals. Naked at tip (compare with cat or dog), 
with V-shapéd partition between two openings, or fios- 
trils. ` 

“ Whiskers.” Position: at side of mouth and below 
eyes. Compare with cat’s * whiskers.” Are said to aid 
rabbit in feeling, and to tell him whether any opening 
his head may enter is large enough for his body to pass 
through. 

Adaptation. Advantage of position, form, size, and 
freedom of movement of ears; use of hairs on inside. 
Advantage of having eyes on side of head; of having 
them, stand out so far from head; use of “third eye- 
lid" if rabbit does not shut his eyes. 

Summary. With topics below written on blackboard, 
have pupils tell orally, with as few questions as possible, 
all they can abut — X 

The head: position with reference to body, shape, 

Size. i 

The ears: position, moyements, shape, size, how 

adapted to rabbit’s use. 

The eyes: position, parts as compared with pupils’ 

eye, how adapted to needs of rabbit. 

The nose: position, movements, size, covering, open- 


ings. 


— 
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STEP 4. Mouth and teeth. 

Mouth and lips. Position of mouth. Upper lip cleft 
up to nose. » Why? Recall what pupils have observed 
about advantage of this when gnawing. Lower lip 


' small. 


Jaws. late pupils note that we can move only our 
lower jaw, not our upper jaw, and can move it up and 
down, from side to side, and slightly, from front to back. 


Fig. 19. Skull of Rabbit. 


The up-and-down movement enables us to bite. How 
do the other movements aid us in grinding our food? 
Movements of rabbit's lower jaw are similar; but the 
movement from front to back, best seen when he is 
“chewing his cud,” is greater. 1 

Teeth. Have pupils ascertain and tell about the kinds 
of teeth in their own mouths: the chisel-shaped biting 
or incisor teeth in front of each jaw; the longer, pointed: 
teeth next to these, the dog teeth or canine teeth, one 
on each side of the incisors; several flat, rough grinding 
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teeth, toward the end or side of the, jaws. Use made 
by children of incisors and grinding teeth. à 

^. Examine teeth of cat or dog. Incisor teeth readily 
seen, but grinding teeth somewhat difficult to see. 


Great length of canine or dog teeth. Used and fitted ` 


for seizing and tearing animals and meat. $ 

Examine teeth of rabbit, comparing with teeth of 
child, and of. cat or dog. Back teeth will probably kaye 
to be studied from a skeleton, or picture of skeleton of 
head, or the teacher may have to tell pupils about them. 
Note the two long sharp incisor teeth in the front of 
each jaw, and the space at either side of these without 
any teeth. From a skeleton of the rabbit’s head can 
be seen the two additional very small teeth back of and 
hidden by the incisors in the upper jaw (found only in 
rabbits and hares), and the five or six flat grooved 
grinding teeth in the ends of the jaws, each with a 
transverse ridge of enamel, so that it appears to be 
composed of two halves. 

The provision made for keeping the incisor teeth 
sharp, and for replacing the parts Worn away by gnaw- 
ing, has been already given in Lesson III. 

The character and number of the teeth are very im- 
portant in classification; hence pains should le taken 
to have them thoroughly understood as a basis for the 
next lesson on classification. 

Adaptation. See also Lesson III. The rabbit belongs 
to a group or order of animals called 8 gnawers," How 
is it adapted for gnawing? By cleft upper lip, free 
movement of lower jaw, and position, Shape, size 
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strength, arrangement of enamel, and manner of growth 
of teeth. 

SrEP 5. General summary and expressive work. 

Making a drawing of head and parts externally vis- 
ible is most exact and effective way of summarizing 
thest. With this, or in place of it, can be an oral or 
written summary, telling briefly but exactly “ How 
the> Rabbit’s Mouth and Teeth are Fitted for His 
Food.” 

LESSON VII. 


Comparison and Classification. “ Gnawers” or Rodents. 


Aim. To broaden pupils’ conceptions and lead to 
greater unity in their minds; to train them to compare, 
to discriminate between essentials and non-essentials, to 
understand plan and to discoyer similarity of plan amid 
great diversity in minor details; to make rabbit a type 
in the pupils’-mind of a great order of animals, the 
* gnawers " or rodents. 

Material. Living rabbit and cat or dog; hare (can 
often be obtained from meat market in winter), or pic- 
ture of hare, showing incisor teeth; "any other ro- 
dents, living, "dead, or mounted, such as rat, mouse, 
squirre? (in winter can sometimes be obtained at mar- 
ket), gopher, prairie dog, or woodchuck; pictures of 
beavers, and of any carnivorous animals, showing ca- 
nine teeth. 

. Essentials of classification. Classification is based on 
essential similarities, or similarity in plan, as distin- 
guished from such minor characteristics as size, color, 
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and markings; two houses may be very similar in plan, 
and yet differ greatly in size, color, and markings, or 
trimmings or decorations. Hence it is wise to begin 
the comparison with two quite similar animals, to dwell 
on essential similarities rather than differences, and to 
emphasize these similarities, bring tlfem into strojiger 
relief, by contrasting these similar animals with those 
quite dissimilar. ! 

Comparison and classification require very careful 
questioning or development work by the teacher. Dis- 
tinguishing between essentials and none ssentials re- 
quires knowledge and judgment ; abstracting and 
applying plan demands some intellectual power. Hence 


in this work the pupils need considerable guidance and 
help. 


9 


f 


1 The most essential features in the classification of the rabbit 
are ;— 
The bony skeleton and backbone or v: 
the vertebrates. 


The hairy covering or fur, placing 
called mammals, 


The way in which it feeds and the character of the teeth, 
incisors, and tlie molars in each jaw, with no c 
ing that it belongs with the o 
or rodents. 


The long ears, short tail, and two small accessory incisor teetn, hidden 
behind the large incisors of the upper jaw 


'; these are characteristic of 
the family of hares (the leporidie), including the rabbits, d 
The ears, shorter than the head, and the habit of burrow: 


ingin the ground, 
distinguish the rabbit from the hare. 


. 
ertebral column, placing it among: 


it among the class of vertebrates 
two large 
anine teeth, show- 
rder of mammals 'called “ onawers” 


These essential features are given ^ere merely to assist the teacher 
and give point to the lessons which follow. They should be gained from 


the children, as a result of their observations and comparison, 


1 never 
merely given to the pupils. n 


————P—Á 
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Strep 1. Comparison of different rabbits. 

Have pupils compare size, color, and markings of the 
rabbits they have with others they have seen, to show 
that they may differ in these respects and still be rab- 
bits ; that is, that size, color, and markings may not be 
important in classification. If they cannot compare | 
many rabbits, compare the cats they have seen, to im 
press the same thought. 

Strep 2. Comparison of rabbit and hare. 

Have pupils compare with hare or picture of hare, 
bringing out similarity in general appearance and plan, 
in possession of backbone, in being covered with fur, in 
having teeth alike in number and character, and differ- 
ences in length and color (?) of ears, and habit of bur- 
rowing in the ground. The pupils will tell of other 
points, but teacher should emphasize and clinch those 
above. ] 
If slight comparison is made between the rabbit and 
hare and the eat, the essential similarities will be im- 
pressed by contrast. 

Srep 3. Comparison of rabbit and other rodents. 

Have pupils compare rabbit with squirrel, chipmunk 
rat, mouse (small for most satisfactory work), muskrat, 
woodehuck, gopher, beaver, or other available gnawing 
animals, bringing out similarities in general plan, bony 
skeleton, possession of fur, and character of teeth, and 
the essential differences: such as the climbing habits, 
short ears, long, bushy tail, sharp claws, and greater 
comparative length of upper incisors in the squirrels ; 
the burrowing habits, thick, clumsy body and short legs 
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of the woodchuck; the similar hahits and body and 
cheek-pouches of the prairie dog and gopher; the aquatic 
habits, webbed hind feet, and broad, flattehed, scaly tail 
of the beaver; the aquatic and burrowing habits, long . 
tail, musky odor, and color (brownish above, gray be- 
neath) of the muskrat; and the omnivorous habits, A 
long, naked (not covered with hair) tail, and narrow, 
pointed, lower incisor teeth of the rats and mice. Try 
to relate differences in structure to differences in 
habits. 

The results will be much -more satisfactory if the 
rabbits can be compared with two or more other rodents ; 
it is dangerous and wrong: to encourage or allow the 
pupils to generalize from too few particulars, as. they 
do when they assume the characteristics of rodents from 
the observation of two species. 

STEP 4. General summary. 

Gather up from the children, characteristics in which 
all studied (except the cat) are similar; general plan, 
backbone, fur, teeth. In what respects are all like the 
cat? In what respects do all differ from cat? 

Write on the blackboard a list of points in which all 
the animals studied are like one another and unlike the 
cat. All animals having these characteristics ave called 
*gnawers " or rodents. Write under this, gaining from 
pupils, distinctive characteristics of the different kinds 
of rodents studied. This tabular view appeals to the 
^ eye and greatly helps the memory. Haye children make 
copy of it. 


> 
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' LESSON VII. 


Comparison, and Classification. — Verterbrates and 
Mammals. 


| ` Sree 1. Comparison of rabbit and cat. 

| . Review points in whieh all animals previously studied 
j| , * (except cat) are alike, points in which they are like the 
^ cat» points in which all differ from the cat. Cat differs 
in haying a longer, more lithe body, incisor teeth more 


bd Fig. 20. Skull of Cat. 


numerous, and not well fitted for gnawing, canine teeth 
| long, conical, and pointed, grinding teeth with two or 
| more rather sharp projections on their outer end, not 
well fitted for grinding, and claws strong and sharp. 
Relate differences in structure to differences in habits 
and food, to bring out the “ why.” n 

Compare cat with dog. Similar, but claws not so 
sharp. Why cannot dogs, climb trees ? 

Compare rabbit and cat with any other carnivorous 
animals of which mounted specimens or good pictures, 


- 


- 
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showing canine teeth, can be obtained. Relate pecu- 
liarities of structure to habits. 

Gather from pupils, and write on the hlickboard, a 
table such as the following : 


Gnawing Animals or Flesh-Eating or Carnivorqus 
Rodents — Animals — 


Haye four long chisel-shaped Have many (twelve) small in- 


incisor teeth. cisor teeth. * 
Have no canine teeth. Have four long pointed canine 
teeth. 


Have flat-topped grinding teeth. Have grinding teeth. with tops 
having points. 
Gnaw and grind their food. Tear and grind their food. 


* 


Rabbit, hare, rat, mouse, squir- Cat, dog, fox, wolf, lion, tiger, 
rel, woodchuck. skunk, wildeat, leopard, bear. 
All have a bony skeleton and backbone, and are 

covered with fur. . 
Sep 2. Comparison of rabbit with chicken and fish. 
These are selected because most children haye dis- 

covered, when eating them, that they have a bony 

skeleton and backbone. e 
Chicken. Like rabbit in having bony skeleton and 

backbone. Different from rabbit ‘and all the other 

animals studied in having two legs, a pair of wings, 

a hard mouth or bill and in being covered with 

feathers. 

Fish. Like rabbit in having bony skeleton and 
backbone. Differs from all animals already studied 
in haying no legs, swimming in the water with its fins 
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and tail, and in having its body covered with scales 
(generally) instead of fur or feathers. 

All animals studied so far have skeleton and back- 
bone. 4 
Srep 3. Comparison of rabbit and some invertebrate 
animal. zs 

Select any invertebrate animal which pupils have dis- 
cowered, or ean be led to discover, to be without in- 
ternal skeleton; that is, without backbone or bones of 
any kind, such as the caterpillar, slug or shell-less snail, 
earthworm, or some insect. 

„How like other animals studied? Only in having 
life, and in being an animal instead of a plant, in hav- 
ing power to move itself, and a mouth to take in food. 
Differs from most in having no backbone or bones, and 
in having more than four legs. 

All those with a backbone are called vertebrates. 
The others are invertebrates. 

All vertebrates with more or less furry or hairy cov- 
ering are called mammals. All with feathery covering 
and wings are birds; all with scaly covering (some- 
times naked) and with fins are fishes. 

SrEP 4. Summary and expressive work. 

Have pupils review both process and facts by having 
them write (assign different topics to different pupils) 
about: — 

1. « What we learned from the comparison of differ- 


ent rabbits.” " 
2. From the comparison of rabbit and hare. 


a 


3. Rabbit and squirrel. 
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4. Rabbit and cat. 
5. Rabbit, chicken, and fish. » 


6. Rabbit and caterpillar. "d 
"Written summaries are usually more definite and 


exact. Have these read and discussed in class. 
Pupils can apply what they have learned about classi- 
fication by writing the following lists of animals : — 
1. A list of all the animals they can think of which 


are vertebrates. > 


2. A list of all the animals they can think of which 
are not vertebrates or are invertebrates. 

3. A list of vertebrates which are also mammals. 

4. A list of mammals which are also carnivorous ` 
animals. d ^ 

5. A list of mammals which are also gnawers or 
rodents. .9 

Why is our rabbit classed with the vertebrates? 
With the class mammals? With the order rodents? 
With the family of hares? 


ADAPTING WORK TO OTHEK GRADES. 


For Grades or Years One and Two. 

The work as planned will certainly occupy twe weeks, 
forty-five minutes to an hour a day. Little folks could 
not do much of the work outlined ; it would be difficult 
to keep them thoroughly interested in one topic so long. 
They are most dependent on their senses, must have 
work most closely related to their child-life, and have 


very little power of reasoning or of abstracting. 


o 
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With the children of the first or second year there 
should not be more than five lessons on the rabbit; After 
having the rabbit in the room a week, to get acquainted 
and answer the simpler questions given under Pre- 
paratory Work, the lessons could be divided as fol- 
lows: — 


Lesson I. Home and Home Life of Child and Tame 
" Rabbit. 

Lesson II. Habits. Movements and Playing of 
Child and Rabbit. 

Lesson III. Habits. Food, Feeding, Washing, Hear- 
ing of Child and Rabbit. 

Lesson IV. Structure and Adaptation. Limbs, 
Teeth, Ears of Child and Rabbit. 

Lesson- V. Bünny's Cousins. Squirrels, Rats, Mice. 


For Grades or Years Three and Four. 

Lesson I. Something of life of our own “ wild rab- 
bit" or hare, in addition to life of tame 
rabbit, dwelling on difference in life, 

` rather than on differences in structure. 

Lesson ^ II. Careful study of one or two most com- 
mon positions, of walking, hopping, 
and playing, and of breathing. 

Lesson III Much as given. | 

Lesson IV. Much as given. 

Lesson V. Somewhat less detail. 
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Lesson VI. Dwell on ears, jaw, and incisors, and on 
adaptation. E f 

Lesson VII. Compare rabbit with two other rodents, 

: with cat and with fish and chicken (or 
canary-bird), dwelling on clearly visible 
characteristics (the'bony skeletón is 
not visible), and trying to impress clear 
idea of gnawing animals and of hairy 
or fur-covered animals. 


For Upper Grades. 


In grades five or six, for which this is planned, and 
with older pupils, the study of the rabbit may well be a 
veritable “introduction to animal study.". Beginning 
with the rabbit, the other rodents or mammals 6r verte- 
brates may well-occupy for months the period which 
can be given to nature study. In the school with which 
the writer is connected such work, continued four or 
five months, three to five times a week, has aroused 
great interest and given very satisfaetory results in 
grades six, seven, and eight. The boys in particular, 
at this age, are apt to take more interest in such animal 
study than in plant study. The work must, however, 
be observational, based on the careful observation of 
type animals, not mere reading and talking about 
animals. $ 


i 
E 
k 
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CHAPTER III. 
WHAT IS NATURE STUDY? 


Fon many years a struggle has been going on in our 
higher institutions of learning between the upholders 
of the classics and of the sciences. One class has lim- 
ited education almost entirely to the study of man and 
his languages, history, and literature, and to methods of 
exact reasoning, or mathematics. The other has advo- 
cated the study of man’s surroundings, his physical en- 
vironment, of the world in which man is placed and on 
which he so largely depends. The defenders of the 
classical education have been compelled to yield point 
after point to the champions of the scientific education. 
To-day we are coming to the conclusion that we can 
get the best well-rounded, liberal education by a com- 
promise between the two,opposing schools, in the study 
of man and nature. 

From -the higher seats of learning the struggle has 
passed into the secondary schools, the high schools and 
academies, where a similar compromise is being effected, 
or a sharp distinction made between the students taking 
Classical and those pursuing scientific courses. 

Our elementary schools have until recently confined 
their work to the human studies, or studies relating 
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to man, to his language and other methods. of con- 
veying ideas, to his methods of exact reasoning, and 
to the way in which he has parcelled up the earth. 
Everything has beeu centred about man, as the uni- 
verse was once supposed to be centred about the 


earth. Even geography, the study of which might^well- 


, 


have brought the pupils into closest relation with their 
physieal environment, has been, not a study of .the 
earth, of our physical environment, but almost entirely 
a study of a description of the earth, and of a deserip- 


^. tion, not to any great extent of physical forces, pro- 


cesses, and features, but very largely of the divisions 
made by man, and of the features due to man. The 
schools have placed all emphasis on the S essentials," 
reading, writing, and drawing, arithmetic and geog- 
raphy. The children in these schools have studied 
almost nothing of the other part of their environment, 
the physical world, which forms such a large part of 
their life. "Mea 

To-day the old conflict is being waged in these cle- 
mentary schools. The champions of science are urging 
the introduction from the beginning of the child's 
school-life of some study of the world’of sense which 
lies about the child. This has been designated as ele- 
mentary science, or nature study. 


It seems wise at the very beginning to determine just 
what we mean by elementary science, or nature study. 
This will prevent ambiguity and misunderstanding in 
later discussions. 
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The terms * elementary science " and “nature study " 
are both widely used. Elementary science is, perhaps, 
more exact, ind therefore more scientific. Nature study 
has a less formidable sound, and better expresses the 


n 


spirit in which the work should be undertaken. It- 


"Seems much the "better term, at least for the work in z 
the first four or five years of the school course. 

"The former-term includes two ideas. First, it is ele- 
mentary, as distinguished from advanced. In the aim 
or purpose of the work, in the material selected, in the 
methods pursued, it is elementary; planned for and. 
adapted to the needs and capacities of the pupils of 
elementary schools. In the second place, it is science, 
classified knowledge. 

* Knowledge " our dictionary defines as “clear and 
certain perception," * familiarity gained by actual expe- 
rience." In the very beginning we cannot emphasize 
too strongly the ideas involved in these definitions of 
knowledge, — “clear and certain perception,” * famili- 
arity gained by actual experience.” Let us analyze 
them. “Clear,” — not hazy or foggy, but sharp and 
distinct; “ certain,’ — not what we imagine or think 
we know, but what we are absolutely sure of; “ per- 
ception,” —not what has come to us from others alone, 
from book or teacher, but the mental picture based 
upon what we have seen, or what we have apprehended 
with our own senses. Equally significant is the other 
definition. “ Familiarity,” — “intimate and frequent 
converse or association,” like that among the members 
of a family; “gained,” —acquired by effort, not merely 


’ 
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absorbed; “ actual,” —"real, as distinguished from theo- 
retical; experience," — ‘practical acquaintance by per- 
sonal observation," “ continued and varied observation,” 
“personal trial and experiment." 

How much of the stock of information possessed by 
the pupils in our schools will stand the test of these 
definitions of knowledge? How much is “clear and 
certain perception”? How much is * familiarity gained 
by actual experience " ? 

In the third place, elementary science is knowledge | 
classified or studied in its relations, arranged and 
grouped by the children. Isolated faets of observa- 
tion may be knowledge, they may be “clear and cer- 
tain perceptions," but they are not science, they are not 
classified. Until these facts are related and grouped 
they are of comparatively little value to the mind. 
Unless they are tied up in assorted bundles, the mind 
that possesses them may be little more than a men- 

„tal junk-shop. When they are properly related and 
grouped, each perception suggests a host of related 
ideas, each fact or group of facts becomes iy pical of 
the great elass to which it belóngs. 

Later we will discuss the various relations in which 
our physical environment can be considered. — 

To recapitulate, elementary science is:— 

Ist. Elementary, adapted in aim, plan, methods, and 
materials to the capacities and needs of the children 
in the elementary schools. ^ 

9d. Knowledge, “clear and certain perception," «“ fa- 
miliarity gained by actual experience.” 
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3d. Classified, «considered in its relations, and ar- 
ranged and grouped (by the child, not merely by teacher 
or book) in accordance with the relations and the dit- 
ferences and similarities the child has discovered. 

If, this definition is correct, we can test the work 
being done under the name of elementary science by 
seeing how far it meets the requirements of the defi- 
nition. Is it * elementary knowledge classified " ? 

We shall find in our sehools and homes, or clamoring 
for admission, three general elasses or kinds of science 
work, or so-called science, which do not meet these con- 
ditions. 

Our university or college or high-school friend, in- 
terested in* education, enthusiastic in his specialty, 
would have us introduce, or has already introduced, 
into our schools such work as he carries on with his 
students, with very little modification or adaptation to 
children. The botanist would have our little folks 
begin with the plant cell as the unit of plant life and 
structure, or with the lower forms of plants, such as. 
pond seum, and work up step by step to the complex 
organism which the child calls a bean plant. This 
seems to the botanist the simplest, easiest, and only 
logical method of procedure. The mineralogist would 
have the children begin with the chemical elements of 
which minerals are composed, and build up the min- 
erals and rocks, because to him a mineral means noth; 
ing unless he knows its components. Both overlook 
the faet that what is logical and. simple for them may 
be illogical and incomprehensible to the child, and 
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what is complex for them may be simple to the child. 
Both forget the long process of education, much of it 
unconscious, by which they learned to anafyze the com- 
mon things about them, before they could even under- 
stand that they were complex, much less resolve them 
into their components, or build them by a synthetic 
process from their components. The teachers of college 
and high-school students, discouraged by their lack of 
power to do careful work, and appreciating the need of 
a better training in exact, thorough scientifie methods 
of study, may do, as did the writer, insist on the most 
careful, exact, detailed work, even in the primáry 
grades, either not realizing, or forgetting, that the chil- 
dren's minds and hands and eyes are not fitted by 
nature for such work. This is science, but. it is not 
elementary; it is not adapted in material and methods 
to the nature and needs of the children. 

Other friends of our schools would place in the 
hands of our children beautiful and interesting books 
telling all about the wonders of the world about them. 
They would introduce into the homes and schools 
Nature Primers and Nature® Readers, and Stories 
Mother Nature Told Her Children, from which the 
pupils can imbibe or absorb some of the facts, "or what 
are supposed to be facts, concerning the world in 
which they live. These books may be good, they may 
be helpful, they may be elementary, well adapted to 
children; but this is not science, it is not even knowl- 
edge. It is not “clear and certain perception; ” it is 
not “femiliarity gained by actual experience.” 
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A third class, with a better appreciation of the needs 
and capacities of the children, with a better understand- 
ing of the conditions of our schools, would have the 

_ children go to nature instead of the book, watch the 
swelling bud, the developing seed, the opening flower, 
note the flight and song of the bird, and peep into its 
nest, glance at the fly or grasshopper, admire the bril- 
lian? coloring of the butterfly. They would have our 
children, butterfly-like, sip a little here, a little there, 
taste in this place, in that place. This is better, very 
much better; where the child is surrounded by nature, 
almost immersed in nature, it may be an excellent 
means of arousing in him the interest and sympathy 
and spirit which are the first essentials in his best: de- 
velopment. It may lead to knowledge, to fairly “ clear 
and certain perception.” It may lay the foundations 
for science; it is on just such foundations that all 
science has arisen. 

But if it stops with sipping and tasting, if the knowl- 
edge is simply taken in and not digested or assimilated, 
if it is not expressed in a form intelligible to others, it 
is only the beginning of science. Unless the phenom- 
ena are observed or studied in some order or sequence, 
unless fheir study prepares for and leads to a careful in- 
vestigation of the relations of the various phenomena 
observed, unless it results in comparison, in some natu- 
ral classification by the child, and, finally, in broader 
and broader generalizations and a better comprehension 
of the unity of nature, it is not science. The method, 
if it may be called a method, so prevalent in many of 
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our schools, of studying without plan or sequence any. 

thing in nature which may be accessible or convenient, 

to-day a plant, to-morrow a bird, next diy a stone, or 

the wind or weather, may interest the children, may 

develop and train the teachers, may be a preparation for 
elementary science; but it is not elementary science, it 

is not or does not result in * knowledge classified.” 

To get the best results in elementary science ine our 
schools, we need a clear, definite plan or course of study, 
with its various parts closely related. The work of 
each grade should be adapted to the children of that 
grade, based on the work of the preceding grade, and 
Should prepare for the next grade above. Then our 
work will become, in truth, elementary science. " 

The term “elementary science ” refers mainly to the 
results of the work, classified knowledge. The term 
“nature study” has more reference to the materials 
considered and the methods pursued, and better ex- 
presses the spirit in which the work should be carried 
on. The materials are found in mature, our, physical 
environment. The methods are the methods of nature, 
those by which we have always become Acquainted with 
our surroundings since we firs& opened our eyes on this 
world of sense. The spirit in which we should study 
nature, the spirit in which children approach a constant 
companion or friend, is better indicated, to the children 
and teachers at least, by the simple “nature study,” 
than by the somewhat high-sounding and formidable 


«elementary science." 
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Nature study is: first nature study, a study of our 
physieal environment. It is not a study of books. 
Books may hélp, may tell us about nature, but they are 
„not nature. It is not listening to the teacher as she 
tells about nature, or what purports to be nature. It is 
not merely gazing with awed attention at the interested, 
^ observant, bright boy of the class, as he tells what he 
has “read, or even seen. This may be studying about 
nature; but it is not studying nature, it is not nature 
study. 

Nature study is not merely a study of nature, but 
of nature under natural conditions, so far as this is 
possible. It is not merely schoolroom study. Nature 
belongs out-of-doors, and out-of-doors we must go to 
study many of her manifestations. Field lessons are a 
necessity for the best work. Nature constitutes much 
of the child's out-of-school environment. He is learn- 
ing from nature, consciously or unconsciously, almost 
continually. Much of what he thus learns out of school- 
hours in nature's school must be utilized in his nature 
study in-school. When we confine nature study to the 
schoolroom and school-hours, we shut out the best part 
of nature. d 

The \tord science is apt to be associated in our mind 
with a laboratory, and an array of instruments and 

appliances. The laboratory for nature study is all out- 
and the only instruments and applianees abso- 


doors ; 
are the ceeing eye, the hearing ear, 


lutely necessary 
and the understanding heart. 


Nature, real nature, is instinct with life and action: 
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is living and developing and doing. The science in 
cur educational institutions has been heretofore, very 
largely, a study of form and structure aid plan. But 
nature is not mere form or structure. 

We must study the life and life history of animals 
and plants, and the work performed by their various | 
parts or organs, as well as their form and structure ; 
the changes through which our rocks are passing or 
have passed, as well as their structure and components; 
the forces which are now affecting the earth, and the 
processes which have brought the earth to its present ` 
condition, as well as the present forms and features of 
the earth. Otherwise we-study only a part of nature, 
and that side of it which is least adapted to our ele- 
mentary schools, and of least value to our pupils. 

Nature study is, in the second place, nature study. 
As has already been shown, it is not merely talking or 
reading about nature; it is not merely glancing at the 
beauties or sipping the sweets of nature, It is definite, 
orderly, systematic study of nature by each pupil and 
by the teacher. ` 

Nature study is, furthermove, nature studied in its 
relations. Every phenomenon in nature stands in rela- 
tion to a host of other phenomena. The dandelion in 
our hand is related to the whole plant, and to each part 
of the plant— a relation of mutual dependence and 
helpfulness. It is related to, and dependent upon, soil 
and rain and sunlight and avind. It is related to the 
insects which feed upon or fertilize it. It has a rela- 
tion, of similarity or difference, to a host of other 
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flowers. It contributes to the happiness or comfort of 
man, and has inspired the poet. 1t points up to its 
Maker and'Protector. It has many other relations. 
To understand nature, we must keep in mind, investi- 
"gate and arrange or group, these relations whose mutual 
actions and reactions constitute nature. These relations 
scan be summed up as follows :— 

First. To the whole of which it is a part, and to 
other parts of that whole. The flower or leaf is not 
merely a flower or leaf, but is related to the whole plant, 
and to every part of the plant. This brings out func- 
tion, or use, and plah. 

Second. To natural environment.. The plant or 
animal is related to water and soil and food and air. 

^ This brings out life and function, and adaptation of 
structure to function or work, and impresses mutual 
dependence and co-operation. 

Third. To past and future. The study of plant and 
animal is incomplete until we investigate its life history. 
The raindrop is but one stage in a long series of changes 
or transformations. - The fragment of rock or of soil is 
most wonderful and instructive when considered as a 
history of the past, or a prophecy of the future. 

Fourth. To other individuals, similar and dissimilar, 
leading to comparison and classification. 

Fifth. To other phenomena, bearing to it the rela- 


tions of cause and effect. These relations are promi- 


nent in physics and chemistry. 
Sixth. To man, ministering to his spiritual, ethical, 


wsthetic, and material nature and needs. Nature must 
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be studied in its relations to man's higher nature, lead- 
ing to the best in literature and art, and in its utili- 
tarian or practical relations. E 

Seventh. To the Creator. Nature reveals a Protec- 
tor and Planner, and points to a purpose and first 
cause. Nature study misses its highest object and 
greatest value unless it leads to that which is above' 
nature. D 

Highth. To the school and to school-work: as a 
means of interesting and stimulating children; as a 
basis for expressive studies, — writing, reading, draw- 
ing, modelling, painting, arithmetic; as a preparation 
for and aid in geography and literature. 

If the children study nature it must be from their 
standpoint, not from the standpoint of the mature mind. 
Those phases of nature must be studied whieh are near- 
est to the child and most Strongly appeal to him. This 
is discussed more fully in later chapters. 

It must be not merely a study of nature by the chil- 
dren, but a study of nature by the teacher with the 
children. In this work the teacher who depends on 
books in her preparation will have pupils who depend 
on their teacher. The teacher who studies nature with 
her children — fellow-investigators of truth will in- 
spire and be inspired by her pupils. 

To sum up our definition of nature study, it is:—— 

NATURE — not books, not mere reading or listening ; 

nature under natural conditions ; nature living and 
in action, not mere form and Structure. 
STUDIED — not glanced at or sipped, or talked about 


| 
l 
| 
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or read about, but studied, —a personal investi- 
gation. 

In Irs KEnaATIONS —to all the universe, — nature, 
man, and God. 

By vu Cup — by each child individually, not 
fnerely by the teacher, or by bright or interested 
children. 

FROM THE CHILD’S STANDPOINT — not merely from 
the standpoint of the mature mind. 

Bv THE TEACHER — not merely by the children, 

Wirn THE CHILDREN — teachers and children fel- 

, low-investigators of truth. 3 


It may seem that we have given undue prominence, 


‘and placed unnecessary emphasis, on definitions; but 


experience has shown this to be necessary. No matter 
how earnest the spirit of the teachers, and however 
honest their intention, the habits and training of a life- 
time, which have too often made books crutches instead . 
of helps, will assert themselves. Teachers will study, 
under the guise of nature study, anything and every- 
thing but nature. They will deliberately shut their 
eyes to nature, and confine their investigations within 
the covers of a book. They will eram their pupils’ 
minds fuil of memorized faets and names and classifica. 
tion, and call that nature study. 
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CHAPTER IV. 


THE AIM OF NATURE STUDY: TO DEVELOP THE 
INDIVIDUAL CHILD. 


THE question is asked by many, « Why introduce 
nature study into our schools?” We might better ask, 
* Why stop nature study when the child enters our 
schools?” In the early life of the child, the world of 
nature is his world. With this world his senses bring- 
him into closest relations. His earliest education is 
almost entirely in nature study, and by nature's meth- 
ods, —an education of seeing and doing, of using his 
powers and developing them by using. Is there any 
reason why this should stop when he enters school? Is 
there any more natural way, any better way, of develop- 
ing his powers than to follow the leadings of nature, help 
and train him to see and do more, and then to think 
and tell about what he has seen and done? Is there 
any knowledge which is more essential to him than a 
knowledge of his surroundings ? 

The burden of proof is on those who would stop 
nature study when the child enters school. 


Before it is possible to discuss intelligently methods 
of work, it is necessary to consider somewhat carefully 
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the ain or purpose of the work. The methods of work 
will deyend very largely on the aim or purpose. Con- 
sciously or eunconsciously every teacher will be in- 
flueneed in her methods more by the final aim she 
keeps in view than by any other one factor. 

This has been illustrated in the introductory chapters. 
If our aim is to study and describe the form of the 
dandlelion, or if, back of this immediate aim, we think 
only of training our pupils to see and describe, we shall 
be satisfied with a mere pulling to pieces of the parts of 
the plant, and a deseription or drawing of what is ob- 
served. If we want our pupils to make the dandelion 
a type, or wish to train them to discriminate and com- 
pare and elassify, we shall have them compare the 
structure of the dandelion with that of other plants. - 
If we feel that our boys and girls should understand 
something of the life of the dandelion, should, through 
its study, be brought into more sympathetie, loving rela- 
tions with nature, should better appreciate the beauty 
and symbolism of nature, should, through their dande- 
lion study or nature study, have the higher side of their 
nature cultivated and developed, then we shall empha- 
size life and function and adaptation, and select from 
literature all the beautiful thoughts that we can find. 
Our aim will determine our method. 

Method is simply the determination of aim, and the 
application of aim to conditions in accordance with the 
laws of the child mind. . Teachers who so thoroughly 
appreciate the aims, and partieularly the highest aims, 
of nature study, or of education in general, that these 
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^ aims are ever before them, and who ere so in sympathy 
with children as to be guided in their work by the way 
in which their pupils see and. feel and think and do, 
will not go far astray in their methods. Without this 
appreciation of aim and sympathetic study of children, 
the best methods degenerate into mere devices. 
“Why” is the most important question for the pupil 
as well as for the teacher. The education of the past 
has been too largely a study of “what.” In history 
and biography we have studied facts and events, revo- 
lutions and battles and leaders. In science we have 
studied form and structure, have emphasized mere iden- 
tification and classification. We are learning that his- 
tory is also a study of causes and results, of the working 
out of great truths or principles, of gradual develop- 
ment or evolution. In science we are beginning to in- 
vestigate more carefully forces and agencies, to watch 
processes, to emphasize action and change, life and 
function and adaptation, of which form and structure 
are but the results or the expression. 
* One leading characteristic of the ^ new education " is 
the pre-eminence of « why,” end the subordination of 


“what,” or the looking beyond and through the “what” 
to the * why." 


What is the aim of nature study? We shall find 
that it is practically the same as the aim of other stud- 
les, or of education in general. 

More than is the case with most other studies, prob- 
ably, science, or nature study, deals with the individual 
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child, and aims to develop each child as an individual. 
It places the material in the hands of each child, and 
expects him-to see and think and tell for himself. Na- 
ture is many-sided ; and when pupils observe for them- 
selves, each will have a different point of view, will see 
a different side. ‘The teacher will thereby be helped to 
realize the difficulty, the impossibility, and, finally, the 
vicipusness, of teaching en masse, of teaching classes 
rather than individuals, and will recognize, respect, and 
at length encourage and develop, the individuality and 
self-reliance of the pupil. 

In discussing aims it will be helpful to consider first 
the aims which have determined the character of much 
of the work in science, or nature study, in the past. 

As men began to realize how dependent they were on 
the physical worldabout them, their physical environment, 
they ^ were impressed with the necessity of becoming ac- 
quainted with that environment. The earliest recognized 
object of science, or nature study, or of study or educa- 
tion of any kind, was knowledge, the acquisition of facts. 

As knowledge (üsing the term in the older and nar- 
rower sense), the acquisition of information or facts, 
was considered the great object of science or education 
in general, it was natural and inevitable to place great 
emphasis on the study of books as the storehouses of 
facts, and on memorizing as the simplest method of 
acquiring facts. For this reason most of the work in 
science and in all education was for centuries mere 
book-work. Even to-day in our schools the study of 
geography, which has been defined as the study of the 


106 NATURE STUDY. 


physieal environment of man, is very largely a mere- 
memorizing of matter taken from books. 

Our thoughtful teachers have long realized that 
knowledge thus gained through books alone, or through 
teachers and not through personal investigation, is ex- 
ceedingly hazy and illusory. Too often it is not knowl- 
edge, but has only a misty semblance to it. Such 
knowledge “shall vanish away." o 

To science — that is, physical science — belongs the 
credit of most clearly demonstrating the haziness of the 
knowledge thus gained, and the weakness of this method 
of study. Science has introduced into our educational 
system the method of personal investigation, the lab- 
oratory method, as distinguished from the mere book or 
lecture method. Gradually the scientifie method, or 
laboratory method, has been adopted in subjects not 
scientific, such as history and literature. . 

From this point of view, the introduction of nature 
study, of personal observation of nature, has been urged 
as the best preparation and basis for geography. It 
gives the children a knowledge, o genuine, personal 
knowledge, of the fundamental facts necessary for an 
intelligent study of geography. d 

Even with the laboratory method of asce*uining, 
making clear, and demonstrating facts, and assimilat- 
ing the material gained, our teachers are learning that 
knowledge, accumulation of facts, as an ultimate aim in 
education, is exceedingly low, narrow, and unsatisfac- 
tory. No matter how clear or how well fixed in the 
mind the knowledge may be, we are learning that 
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knowledge of our physical enyironment, or of anything 
else, is not necessarily power. We need more than 
knowledge, *r more than this kind of knowledge. 


The development of the intellectual powers of the 
child has become; or is becoming, the ultimate aim of 
many teachers; and the acquisition of knowledge, or of 
facts, has beeome of secondary importance. We are 
more and more endeavoring in our schools, from uni- 
versity to kindergarten, to have our students get more 
than faets; we are striving to develop their intelleetual 
powers, — of seeing or apprehending for themselves, 
of thinking or combining -ideas in their relations, of 
expressing or conveying these ideas to others, and of 
doing or making their ideas active or effective. 

The same development or evolution of ideals or aims 
has, consciously or unconsciously, determined the char- 
aeter of the work in nature study, or elementary science, 
in our schools. At first teachers placed all emphasis on 
the importance of a knowledge of the facts of the physi- 
cal world; and the schools have been flooded with 
Nature Primers and Nature Readers, and Hours with 
Nature, good,^bad, and indifferent, to meet the de- 
mand of, the school-men and school-women. Too often 
the study of nature has stopped with the reading of 
these books. Unfortunately, in many schools we have 
not yet passed beyond this first stage in the introduc- 
tion of nature study. — 

A host of teachers have, however, realized the im- 
portance of a higher aim, and are insisting on personal, - 


+ 
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individual investigation, as opposed to mere book-work, 
as a means of developing the powers of the pupils, 
training them to see and think and expréss for them- 
selves. Í 

Science work, or nature study, has given the pupils 
something to work with, something on which and with 
which to develop their powers, something definite and 
tangible which they can gee and think about and'tell 
about. Nature study is a content Study, and a basis 
for formal or expressive work. 

The results of science work, genuine science work, — 
personal investigation, not mere book-work, — taught as 
à means of developing power, have demonstrated its 
great value. In hundreds of schools nature study has 
won and kept a place as an aid in developing the pow- 
ers of the children. Tt has given not merely the clearer 
vision and more certain knowledge which come to 
those who walk by sight and not merely by faith, but 
the power, crystallizing into habit, of careful, exact ob- 
servation; the corresponding power of clear and truth- 
ful expression in language or drawing, which must 
come when the impression is clear and exact, because 
based on interest and on actual observation; the habit 
of asking and seeking the « why” and “how” of the 
world around them; and, perhaps best of all, the 
marked improvement in individuality and self-reliance 
resulting from the consciousness of power. 

More and more nature stvdy is being, and has been, 
introduced into our schools as a basis for the expres- 


sive work of the school, — reading, writing, drawing, 
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modelling. What? the children see they talk about, 
write about, draw, mould, paint. Experience has dem- 
onstrated beyond possibility of doubt or question that 
when a portion of the time formerly given to the 
formal work in language, drawing, and other expres- 
sive studies has been devoted to nature study as a basis 


> ; : f z 
for these expressive studies, the work in these subjects 


has been greatly improved. 


Nature study, considered as a means or method of 
acquiring a knowledge of our physieal environment, and 
of developing power to control our environment and 
make it minister to our needs, is not merely an aid in 
other school-work, but is a preparation for practical life. 

Our success in life as individuals depends to a very 
large extent on.our knowledge of and power over our 
physical environment. Our dependence on physical 
forees and agencies becomes greater as civilization ad- 
vances, and man learns to better control nature. The 
child of to-day must know more about steam and elec- 
tricity than did the "wise man of a century ago. 

Our development as a^race is very largely due to the 
fact that we have learned to harness natural forces, and 
make them do much of our work. With the aid of 
steam and electricity, the average man to-day can prob- 
ably accomplish thirty times as much as did the man 
of a century ago. j 

The practical importance of a more careful study of 
science has: long been recognized in higher institutions 


of learning, — in university, college, and high school. 
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If science is considered necessary fot the few students 
in these institutions, why is it not necessery for the 
many who never get beyond the elementary school? 

Of inestimable value in life is the power, and the . 
habit which results from the constant exercise of power, 
of investigating for ourselves, of separating the true 
from the false, of distinguishing between essentials and 
non-essentials. Under no other condition is this so’ im- 
portant as in a republic. Nothing gives this power to 
children as does genuine science work, simply because 
in science work, or nature study, more than in any other - 
work, children can study things with their own eyes, 
really investigate and distinguish for themselves. 


The question now arises, “Is the development of in- 
tellectual power the ultimate aim, the highest object, of 
nature study, or of education in general?" — 

The mother and the teacher very soon realize that 
the acquisition of knowledge and the development of 
power in any study are largely dependent on the in- 
terest aroused. With intense interest there is scarcely 
a limit to what the child can learn and do. Without 
interest, comparatively little can be accomplished. The 
more carefully we study children, — and their fathers 
and mothers, — the more we shall be impressed with 
the fact that the knowledge acquired and the power 
developed under any conditions are, in general, 
proportional to the interest aroused. 

Nature study is no exception to this rule. The first 
essential is to gain the interest of the child. His senses 


directly 
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„form the gateway zo his world. His senses always re- 
4 spond to interest, the gate always opens; with interest 
aroused, with senses alert, every power of the child 
„responds, and there is searcely a limit to what he can 
do. Nature study will never succeed until the child 

is interested. 
. Are the awakening of interest, the development of 
power, and the acquisition of knowledge, the highest 


aims ? 
Of what value is power without something above it 
£ or back of it to direct and regulate it? Power mày do 
harm as well as good. ‘The possession of power may 
| be a curse as well as a blessing. 
| Goethe has said, Nothing in the world is so terrible 
as activity without insight.” 

We may develop the power of observation in our 
pupils. If they are thereby only better fitted to see 
the evil and the vile, have we helped them ? 

We may train them to express their ideas more 
clearly, exactly, and effectively, and to better convey 
to others what they have in their minds. Unless at 
3 the same time we store their minds with ideas worthy 
i of expression, and give them an impetus toward better, 
! higher, ‘nobler thoughts, their greater power of expres- 

sion may be a curse to themselves and to others. 

We give our boys and girls greater power to calcu- 
late and think and reason. 1f this is to be used to cheat 
their fellows, to influence cthers for evil, have they and 


the world gained or lost? 
The more we work with children, and particularly 
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with little children, the more we get into sympathy 
with them and look through their eyes, the more fully 
we realize that there are higher aims in education than 
the development of power. When we get into the 
primary school or kindergarten, such an aim seems in- ' 
congruous, utterly out of place. Wé see instinctively, 
if we love and understand children, that such an aim is 
beneath them. Why? ( 

As the primary teacher studies with her children, and 
studies her children, she discovers the necessity in all 
their work of interest, and of that highest form of inter- 
est, —sympathy. With perfect sympathy between her- 
self and her children she has almost unlimited power 
overthem. With the little folks in thorough sympathy 
with the bird or cat or plant they are studying, their 
power to see and think and tell is wonderfully in- 
creased... 

This sympathy is peculiarly necessary in nature study. 
Without Sympathy with nature, nature study may be 
even detrimental to the child, and disastrous in its 
effects on the child's environment.' 

If we merely aim to interest the children in nature, 
develop their powers of observation, €xpression, and 
thought, and give them a better knowledge Gf their 
physical environment, and Stop there, the ultimate re- 

. sults may be of doubtful value. Our wild-flowers 
will be pulled up, our birds destroyed, our shade-trees 
mutilated (“sacrificed to the cause of science ”), in the 
search for material. Our boys and gitls may become, 
like many of their older brothers and sisters in the 
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science classes of higher institutions, mere cold-blooded 
anatomists and collectors. 

No; intereSt, power, knowledge, are not the highest 
„aims in nature study. Preceding these, along with 
these, more important than these, must come the eulti- 
vation of the sympathies of the child. “Love is the 
"fulfilling of the law” educationally as well as spiritu- 
ally.® 

We shall find that we shall develop in the hearts of 
the children a sympathy with the world of nature in pro- 
portion as we lead them to care for or work for nature. 
Weare apt to love best that for which we do the most, 
not merely, as is often assumed, that from which we 
receive the most. So keeping in view the cultivation 
of a sympathy and love of nature, we will give our - 
children and pupils plants and animals to care for. A 
few seeds planted, watered, and watched over by the 
little folks, buds gathered and supplied with fresh water, 
a pet bird or kitten cared for by them, will be most help- 
ful in developing a sympathy with the world of life. 

Equally essential for the cultivation of sympathy with 
and love for nature is an understanding of what we re- 
ceive from nature, an appreciation of what nature gives 
to and does for us. 


Most closely related to the cultivation of sympathy 
with nature is the development of the wsthetie sense in 
our pupils, the p pud of the beauty of their envi- 


ronment. 
By beauty we mean, as shown in Chapter I, not 
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merely the beauty of form and color and structure, but 
the far higher beauty of function and adaptation, or fit- 
ness for work, and that highest manifestation of beauty 
shown in the unity of all nature. The old definition of 
beauty was * multitude in unity." 

In nature, as among men, *hendsome is that hand- 
some does," and in nature study we have constant op-' 
portunities to lead our pupils to realize that everything 
has a work to do, and to see how well everything is 
adapted to its work. Whether we are studying plant 
or animal or stone or water or air, every part has a 
a work to do, is fitted for its work, is doing its work. 

We may study the clouds simply to give the children 
a larger knowledge of the phenomena of nature. We 
may use the study of clouds as a means or method of 
sharpening the intellects or developing the powers of the 
childrem. But the cloud study will mean more when 
we dwell also on their beauty of form and color, bring 
out the story they tell of co-operation of water and air 
and sun and wind, and give our pupils some idea of 
their place in the plan of nature, of of nature’s Author. 

We may analyze the dandelion, and learn all about 
its parts. We may study it in its re] 


ations to the past 
and future, investigate the w 


ork of its parts? and all 

the marvellous adaptations to insure fertilization and the 

formation of fruit. We may also dwell on its beauty 

of color and fragrance and funetion, and read with the 

children the beautiful poems inspired by the d 
Which will do most for the child ? 
Wordsworth has said, — 


andelion. 
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5 “For I have learned 

To look on nature, not as in the hour 

Of theughtless youth; but hearing oftentimes 

The stilf, sad music of humanity, 

Nor harsh nor grating, though of ample power 
To chasten and subdue. And I have felt 
A presence that disturbs me with the joy 
Of elevated thoughts ; a sense sublime 
° Of something far more deeply interfused, 
Whose dwelling is the light of setting suns, 
And the round ocean, and the living air, 
And the blue sky, and in the mind of man : 
A motion and a spirit, that impels 
All thinking things, all objects of all thought, 
And rolls through all things. 'Therefore am I still 
A lover of the meadows and the woods, 
And mountains; and of al that we behold 
From this green earth; of all the mighty world 
Of eye and ear, — both what they half create, 
And what perceive; well pleased to recognize 
In nature and the language of the sense, 
The anchor of my purest thoughts, the nurse, .. 
The guide, the guardian of my heart, and soul 
Of all my moral being.” 


Considering the higher aim of nature study, we see 
the importance of correlating it with literature and art. 
Much of the most beautiful in literature and art has 
been inspired by nature; and for an appreciation of this, 
nature study is the best preparation. If we do not give 
our pupils the beautiful thoughts which others have 
gained from nature, if we do not read with them the 
poets and other nature-loving writers, we miss one of 
our greatest opportunities in nature study. 

Along with this appreciation of the beauty of their 


; 
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surroundings, will there not come. to the children a 
better understanding and better performance of what 
they owe to their surroundings? Will, they not be 
more careful of flower and bird and tree? — And will 
not their ethical nature, their appreciation of duty, be 
thereby developed? ; 


Have we reached yet the highest aim of nature 
study ? 

Is that interest complete which does not attract the 
child toward the Author of nature? Is that knowledge 
complete which does not see in nature and through 
nature the Creator? Is that power complete which 

_ does not enable the child to see through nature nature's 
God, to realize that in nature study he is « thinking 
God's thoughts after Him; " to read better this other 
book of revelation, to tell better the Story of a Protector 
and Planner which nature tells him? Ts that sympathy 
complete which does not bring our pupils into closer 
touch, into harmony with Him who has breathed into 
all things the breath of life? Is«that appreciation of 
beauty, that «esthetic sense, hest developed which does 
not look above beauty of form and color and structure 
to beauty of adaptation and function ; above, beauty of 
function to beauty of co-operation and mutual helpful- 

ness; above beauty of co-operation to the unity of plan; 
above the plan to the Planner? 

Let us review in order the aims which should control 
in the work in nature study. So far as it is possible to 

arrange in tabular form aims which are so closely re- 
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lated and mutually dependent, which are all really sub- 
ordinate to the great aim of nature study or education, 
charaeter-building, we may summarize the aims of 
nature study, considering the development of the indi- 
Vidual child, as: — 

First. 'To awaken an interest and cultivate à sym- 
pathy with his physieal environment. 

Send. To cultivate the higher nature of the child, 
wsthetic, ethical, and spiritual, and lead him toward 
God. 

Third. 'To develop his intellectual powers and form 
right habits. 

Fourth. To lead the child to acquire a knowledge of 
his physieal environment. 

Considering the child in his relations to school, we 
may give as secondary or subordinate aims of nature 
study: — 

First. To give the child an understanding and ap- 
preciation of nature which will enable him to enjoy and 
appreciate the literature and art which have been in- 
spired by nature. > ; 

Second. To give the child clear impressions which 
shall serve as one basis for the expressive work of the 
school — language, reading, drawing, modelling and 
arithmetic. 

. Third. To give the child a clear knowledge of his 
immediate physical environment which will serve as a 
basis for his work in geography, his study of his broader 


environment. 
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We must ever keep in mind that all other aims are 
subordinate to one, the highest. The study of nature 
misses its highest purpose unless it leads the child from 
nature up to the Author of nature. Unless the seen 
points the child to the unseen, unless from care and 
protection he looks to a Protector, through function and 
purpose and plan he sees a Planner, nature has not re- 
vealed to teacher and pupils its greatest thought, its 
grandest lesson, — eternal law, eternal unity. 


2 
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CHAPTER V. 


. n 


^ THE HIGHEST AIM OF NATURE STUDY: TO ADAPT 


o THE CHILD TO HIS ENVIRONMENT. 


IN the previous chapter we have considered as the 
great aim of nature study or education in general the 
deyelopment of the individual ehild. 1f we stopped 
with. the individual our outlook would be narrow. It 
is not until we think of the child in his relations to 
his environment that we get the broadest and highest 
views. 

Even in discussing the development of the individual 
child, we have found that those aims are low which 
relate merely tó the individual, and the aims become 
higher just in proportion as they bring the individual 
into closer relation with that outside himself. The 
acquisition of knowledge and development of power are 
comparatively low aims, because they relate to the indi- 
vidual.. The cultivation of the sympathies, and of the 
esthetic, ethical, and spiritual nature, is a higher aim, 
because it tends to bring the child into closer relations 
with his environment. 


Now we want to consider the higher aim of nature 
study, — to perfect the relations between the child and 
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his surroundings, or to adapt the child to his environ- 
ment. | 

'The environment of the child may be considered as 
threefold, — his physical environment, ornature; hisin- 
tellectual environment, or man as an intellectual being $^ 
and hisspiritual environment, or God.” This division may 
be somewhat artificial, but it is very convenient. That 
education is incomplete which does not adapt the child 
to this threefold environment, — nature, man, God. 


The question naturally arises, * What is meant by - 
adaptation to environment?" In much of the work of 
the past we have assumed. or have seemed to assume, 
that adaptation to environment means learning about 
our environment, so that we can control it, or make it 
minister to our material needs or desires. 

Too often we have considered almost entirely our 
material needs, and have looked on nature, man, and 
God as means for supplying these needs. "This has 
been most apparent, perhaps, in our attitude toward 
nature. Nature has been considered almost entirely as 
a storehouse of purely material riches. Our natural 
resources have been material resources. Forests have 


been lumber and little more except to the few, ‘the 
children, women, and poets” as some one has grouped 
those who see in forests more than lumber. The birds 
have been the farmer's bane or the farmers friends 
according to the state of knowledge, but not often, ex- 
cept to the group before named, the sweetest singers 


ever heard, sources of joy and inspiration. "The flowers 


- 
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— most high-schoel teachers of botany have recollec- 
. tions of interviews with parents who did not want their 
children to waste their time studying such things. They 
wanted their boys to learn something practical. 

But nature can do much more than minister to our 
material wants. If we will but let her, she ministers 
to far higher needs. To the eye that sees she comes 
fulleof beauty, a solace and inspiration, a messenger 
from above. The sunset and clouds, the frost and snow- 
flakes, the leaves and. flowers, the hills and valleys, the 
birds and bees, appeal to that in man which is higher 
than the mere material. Not until we gain from nature 
these higher riches, not until we can appreciate her 
beauty and the story she tells, ean we realize what 
nature can give us. These higher gifts of nature we 
can appropriaie without much regard to deeds or titles. 
No one needs a title to make his own the riches of the 
sunset or the beauty of the landscape. The amount of 
this higher wealth which we can call our own is only 
limited by our capacity for receiving or appropriating. 


I do not own an inch of land, 
But all I seevis mine ; 

The orchards and the mowing-fields, 
The lawns and gardens fine. 

` The winds my tax-collectors are, 

They bring me tithes divine, 

Wild scents and subtle essences, 
A tribute rare and free ; 

And, more magnificent than all, 
My window keevs for me 

A glimpse of blue immensity, 


A little strip of sea. 
Lucy LARCOM. 
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MY TENANTS. ' 


I never had a title-deed x 
To my estate. But little heed 

Eyes give to me, when I walk by 

My fields, to see who occupy. 

Some clumsy men who lease and:hire 
And cut my trees to feed their fire, 
Own all the land that I possess, 

And tax my tenants to distress, 

And if I said I had been first, 

And, reaping, left for them the worst, 
"That they were begg 
Of dwellers on my roy 


s 


at the hands 
al lands, 
With idle laugh of passing scorn 
As unto words of madness born, 
They would reply. 
I do not care ; 
They cannot crowd the charmed air; 
They cannot touch the bonds I hold 
On all that they have bought and sold. 
They can waylay my faithful bees, 
Who, lulled to sleep, with fatal ease, 
Are robbed. Is one day's honey sweet 
Thus snatched? All summer round my feet 
In golden drifts from plumy wings, 
In shining drops on fragran 
Free gift, it came to me, My corn, 
With burnished banners, morn by morn, 
Comes out to meet and honor me ; 
The glittering ranks Spread royally 
Far as I walk. When hasty greed 
Tramples it down for food and seed, 
I, with a certain veiled delight, 
Hear half the crop is lost by blight. 
Letter of law these may fulfil, 
Plant where they like, slay what they will, 


Count up their gains and make them great, 
Nevertheless, the whole estate 


t things, 
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Alwaysebelongs to me and mine, 
We are the only royal line. 
And though I have no title-deed, 
My tenants pay me loyal heed 
When our sweet fields 1 wander by 
To see what strangers occupy. 
HeLEN Hunt JACKSON. | 


In our study of nature with the children, in aiming 
to adapt the children to their environment, we can 
scarcely emphasize too strongly this most important 
step in adaptation, the training of our children to ap- 
preciate and appropriate the higher riches all about 
them. Not until they appreciate, not only the utility 
or practical value, but the. beauty and symbolism, of 
their environment, are they fitted or prepared for real 
adaptation to environment. 

This training to appreciate and appropriate all that 
we receive or may receive is only partial, one-sided 
adaptation. Not until we realize that adaptation im- 
plies something more than appropriation, will complete 
adaptation be possible. 

Man has lived béyond the time when he centred the 
universe about this little, world. > But he still, to a con- 
siderable extent, regards his environment as a mere ad- 
junct nd servant to his little self. We have adapted 
ourselves to our physical environment by stripping our 
land of its forests, our air of its birds, our waters of 
their fish, by using up in the most reckless manner our 
natural resources. Nature has been our slave, from 
whom we could take anything, to whom we owed noth- 
ing. We have often adapted ourselves to our intel- 
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lectual environment by getting frofn our neighbor all 
we could, and giving him in return as little.as possible. 
Our adaptation to our spiritual environment has been 
equally one-sided and selfish. Too often we have taken 
all, and given the least possible service in return. 

We are learning that such adaptation is in the end 
unprofitable, unwise, utterly wrong. The farmer soon 
learns that he must give to his fields if he would get 
the most from them. We are discovering as a nation 
that we must protect our forests, and are just begin- 
ning to plant where we formerly used our energies in 
destroying our trees. à ‘ 

The growing recognition of the brotherhood of man, 
of the fact that we are to an extent. our brother's 
keeper, is an appreciation of the same principle. We 
are realizing better than ever before that our fellows 
are not merely instruments, tools to be used for our 
own development or advancement, from whom we are 
to take all that we can get. We owe something to 
them. Men are slowly learning to appreciate that what 
they get from their fellow-men depends very largely on 
what they give to them. i 

We like to think that the same idéa is modifying 
our understanding of our spiritual relations ; that a 
larger proportion of mankind is realizing that the 
church, or religion, is not a plan for getting as much as 
possible from our spiritual environment, and giving as 
little as possible in return. Do not a greater number 
than ever before regard the church as an opportunity 
for larger service? We think so. 


e 
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Adaptation to eüivironment means more than making 
our environment minister to our needs, getting from it 
all we possibly can, and giving the least possible return. 

| We owe something to our environment, whether nature, 
j man, or God; and adaptation is incomplete until we 
learn to recognize and perform what we owe. 

a "^ We have considered as successive aims in nature 
study the acquisition of knowledge, or facts, the devel- 
opment of intellectual power, the awakening of interest, 
the cultivation of sympathy, the development of the 
higher nature, :wsthetie, ethical, spiritual. We shall 
find that in the ultimate analysis these are all subor- 
dinate to the highest aii, — adaptation to environment.. 
\ They all prepare for more complete adaptation to en- 

vironment, to nature, man, and God. 


The question now arises, How, through or by means 
of nature study, can the child be better adapted to his 
threefold environment? 

The child is first brought into relation with the 
His early wants are physical. He 


physical world. 
s, and they tell him 


gains everything througli his sense Nie 
only of his physical surroundings. ` Of his intellectual 
and spiritual environment he knows almost nothing at 
first. What he gains later comes directly or indirectly 
through the medium of his senses. In his earliest edu- 
cation we must use matter and methods which appeal 
most strongly to his, senses. These we find in nature 


study. 
The first step in adapting the child to his eaviron- 
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ment is to lead him to appreciate what he receives from 
nature, and what he owes to nature. s 

To do this we must first open his eyes to the beauties 
of the world about him, — the beauty not merely of form 
and color, but the higher beauty of use or work or func- 
tion, and adaptation to work. It is not enough to 
merely talk or read to him about the world of sense. 
We must help him to see how much of beauty there is 
in the most common things; how much they have to 
do, and how well they are fitted for their work, The 
most common plants, — the bean and pea and dandelion, 
the plantain and burdock and thistle, — the trees and 
buds and leaves, the birds'and insects and fishes, the 
Stones at our feet, are full of beauty and grace if we 
will but look for them. When the child has watched 
the bean and pea grow from seed to fruit, and noted 
how each part has a work, and how well it does its 
work; when he has seen the buds emerge from their 


protecting scales, throw out leaf and flower, and go to- 


work; when he has discovered how the dandelion feeds 
and protects and ripens her seeds, and finally scatters 
them to the four winds of heaven; when he has lis- 
tened to the song of the robin or bluebird, and peered 
into her nest as she has fed her little ones, — lie appre- 
.eiates, as he cannot be led to appreciate in any other 
way, the beauties of his natural environment. 

As the child understands better the beauty of his sur- 
roundings, the beauty of being, and the higher beauty 
of doing; as he discovers how much he gets from na- 
ture, he realizes better that he owes something to the 
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world about him. Fie protects where he once destroyed. 
He takes cave of the flowers which before he trod upon. 
The birds are his friends. He is learning to love them 
as he understands how much they give him. He is 
adapting himself to his physical environment; not 
merely appropriating, but giving in return. 

We have already referred, in Chapter IV, to the im- 
portafice and necessity of leading the children to express 
their appreciation by action. As they take care of plant 
and animal they will appreciate and realize what they 
receive from and owe to them. 

Every mother and teacher who has studied nature 
with her children from this standpoint, knows how 
marked, in this respect, is the effect on the minds of 
the children, on their attitude toward nature; how 
quickly they respond, how soon they are brought into 
touch or sympathy with nature: If our work in nature 
the elementary schools does no more than 
n or fix this attitude toward nature, it does 
ess than this, it does little. 
study help the child to appreciate 
aml owes to his intellectual en- 


study in 
strengthe 
much. If it does] 

How ean nature 
what he receives from 
vironment, man? 

As this right attitude toward one part of his sur- 
roundings is fixed, as his sympathy with nature is 
broadened and deepened, it cannot but affect the atti- 
tude of the child toward the rest of his environment. 
He cannot learn to appreciate nature, and what he owes 


to nature, without being in a mental condition better to 


appreciate allof his surroundings. d 
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Furthermore, nature, rightly studied, is, to the child 
at least, a symbol of his higher'surroundiugs. As he 
sees how much Mother Nature does for her children, 
how carefully she protects and feeds seed and bud, leaf, 
and flower, how she looks after, plans for, and controls 
plant and animal and mineral, Mother Nature helps him 
to better understand how much his mother and friends 
have done for him. 9 
- As the child studies nature, he ivarns to appreciate 
better what has been the source and inspiration of much 
of the most beautiful in literature and art. Nature 
study opens his eyes to much of the most beautiful part 
of his intellectual environment. One who, like the 
writer, has begun his right sympathetic study of nature 
in his adult years, when he could understand the effect 
upon himself, can realize that an appreciation of nature 
opens a new world in literature. Much in Bryant, 
Wordsworth, Longfellow, Tennyson, Lowell, Whittier, 
Helen Hunt Jackson, Lucy Larcom, Burroughs, Thoreau, 
and a host of other writers, which before meant little, 
has become full of beauty, because he has some appre- 
ciation of the world of natere which inspired these 
writers, and has read something of fhe story which 
nature told them. ^^ 

. Not less is the child helped to appreciate many of the 
beauties of art. He who never studies the landscape 
about him or the clouds above him, who scarcely looks 
at the sunset or notices the trees or flowers or birds, is 
utterly incapable of really appreciating the pictures 
which,these have inspired. 


€ € 


, 
| 
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Even more helpful is the right study of nature in 
leading the, child to realize and perform what he owes 
to man, — his intellectual environment. He discovers 
that everything about him is doing, helping as well as 

` being helped. The leaves, at first so carefully pro- 
tected by scales and gum and fur, push out and go to 
work to help root and stem and flower, and soon begin 
to protect other buds and leaves. The flower, at first 
ministered to by every other part of the plant, learns as 
it unfolds that it has a work, a wonderful work, to do. 
From it new plants must come. The water is con- 
stantly helped and being helped. In the sky, in the 
stream, down under the grcund, in plant and animal, 
it is always:at work. Nature is a great mutual co- 
operation society, whose motto is, ** Help and be helped.” 
Is the child the only exception? or will he learn from 
nature the lesson that he not only receives much, but 
that he owes much? 

These lessons come with most force direct from 
Mother Nature herself. She is the best preacher. The 
lessons thus absorbed, imbibed by the children often 


unconsciously, make à fer deeper impression than the 


«Thou shalt” and “Thou shalt not." 

As ine child is thus learning to appreciate nature 
and man better, will he not be lifted toward the Author 
of nature? Will not the protection and care which 
he sees in plant and animal lead his mind to a Pro- 
tector? As he discovers ir everything about him pur- 
pose and plan, will not his thoughts be lifted toward 
the Planner? Will not his better appreciation of the 
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beauty and function and unity of his physical environ- 
ment, and his better understanding of his, human en- 
vironment, help him to appreciate better what comes 
irom the Author of all, — his spiritual environment? | 

And will the effect stop there? Can it? As the 
child sees the wisdom and power of “the Creator shown 
in his works, as he begins to appreciate the beauty and 
unity in all nature, as he realizes something of tle in- 
finite care with which leaf and flower and seed are 
planned and protected, will he not be drawn toward the 
Protector and Planner? Will he not better appreciate = 
and hetter perform what he owes to the God and Father 
of all? . 

Others have expressed so effectively this higher value | 
or wsthetic content of nature study that it seems appro- > 
priate in concluding this discussion to quote from two i 
of our poets. 


GRACE AND HER FRIENDS, + 


Your walk is lonely, blue-eyed Grace, 
Down the long forest-road to school, 
Where shadows troop, dt dismal pace, 
From sullen chasm to sunless pool. 
Are you not often, little maid, 4 
Beneath the sighing trees afraid ? 


** Afraid, — beneath the tall, strong trees, 
That bend their arms to shelter me, " 
And whisper down, yith dew and breeze, 
Sweet sounds that float on lovingly, 
Till every gorge and chasm seems 
» Thrilled through and through with fairy dreams ? 


—— 


1 
1 
] 
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“ Fast to the slippery precipice 

I see the nodding harebell cling: 
In'that blue eye no fear there is; 

Its hold is firm, the frail, free thing ! 
The harebell's Guardian cares for me : 
So L am in safe company. 

«The woodbine clambers up the cliff, 

And seems to murmur, * Little Grace, 
The sunshine were less welcome if 

It brought not every day your face." 
Red leaves slip down from maples high, 
And touch my cheek as they flit by. 


* [ feel at home with everything 
That has its dwelling in the wood ; 

With flowers that laugh, and birds that sing ; 
Companions beautiful and good, 

Brothers and sisters everywhere 5 

And over all,-our Father's care. 


“In rose-time or in berry-time, 

When ripe seeds fall or buds peep out, 
While greeh the turf or white the rime, 
There's something to be glad about: 
It makes my heart bound just to pass 

The sunbeanis dancing on the grass. 


* And when the bare rocks shut me in 
Where not a blade of grass will grow, 


-My happy fancies soon begin 


To warble music, rich and low, 
And paint what eyes could never see: 
My thoughts are company for me. 


«© What does it mean,to be alone ? 
And how is any one afraid, 

Who feels the dear God on His throne, 
Sending His sunshine through the shade, 
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Warming the damp sod into bloom, 
And smiling off the thicket’s gloom ? 


** At morning, down the wood-path cool 
The fluttering leaves make cheerful talk 5 
After the stifled day at school, 
I hear, along my homeward walk, 
The airy wisdom of the wood, 
Far easiest to be understood. 


“I whisper to the winds ; I kiss 
The rough old oak, and clasp his bark ; 
No farewell of the thrush I miss ; 
I lift the soft veil of the dark, 
And say to bird and breeze and tree, 
* Good-night ! Good friends you are to me !' " ° 


Lucy LARCOM. 


O for boyhood's time of June, 
Crowding years in one brief moon, 
When all things I heard or saw, ` 
Me, their master, waited for. 

I was rich in flowers and trees ; 
Humming birds and honey bees ; 

For my sport the squirrel played, 

Plied the snouted mole his spade; 

For my taste the blackberry cone 
Purpled over hedge and stone. 

Laughed the brook for my delight 
Through the day and through the night, 
Whispering at the garden wall, 
Talked with me from fall to fall. 
Mine the sand-rimmed pickerel pond, 
. Mine the walnut slopes beyond, 
Mine on bending orchard trees 
Apples of Hesperides! 

Still, as my horizon grew, 

Larger grew my riches too. 


o 
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A lover's claim is mine on all 
I see, to have and hold, 
. . The rose light of perpetual hills, 
And sunsets never cold. 


Aloft on sky and mountain wall 
Are God's great pictures hung. 
Beauty seen is never lost, 

s God’s colors all are fast. 

a The glory of this sunset heayen 


Into my soul has passed. 
d WHITTIER. 
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CHAPTER VI. 
THE LIMITATIONS OF NATURE STUDY. 
. ix, 
The Two Centres of Education: Nature and Man. 


IN the two preceding chapters the aim of nature 
study has been discussed, and its ‘educational yalue 
brought out. So strongly have these been emphasized, 
it may seem that the writer considers nature study all- 
sufficient as a means of education; that, as has been said 
by another, * Nature studies contain in themselves the 
possibilities of a complete education, not excepting the 
fruits which have hitherto been ascribed to the humani- 
ties alone.” 

The educational value of nature study has been em- 
phasized to bring into near and broad perspective a 
study which has been in the, past very near the vanish- 
ing-point. In the great majority af schools to-day, 
nature study, the study of our immediate physical envi- 
ronment, is utterly ignored. There seems little danger 
for years to come that it will be made too prominent. 

In the tendency seen in so many directions in our 
elementary schools to turn from “man study? (lan- 
guage, history, political geography) to nature study, 
there is a possibility, however, of going too far. The 
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pendulum once staited is apt to swing to the opposite 
extreme. Something of this has been seen in science 
work in higher institutions. From the old classical 
extreme, when a liberal education did not include any 
physical science, but was all language, mathematics, aud 
history, the pendulum swung to the opposite extreme. 
Often a purely scientific education, without any attention 
to the humanities, has been regarded as the best. To- 
day many of our universities and colleges recognize that 
a broad, liberal education requires a due proportion of 
scienee and the humanities. "The conviction is growing 
that an education purely scientific may be even more 
narrow than one purely classical. 

Nature study is not all-sufficient. It has its limita- 
tions. Nature study, or science, does not contain within 
itself the possibility of a complete or well-rounded ele- 
mentary education. Harm may be done to the cause 
of education, and the progress of nature study may be 
retarded, by emphasizing it too strongly at the expense 
of other studies equally important. 


As has already been said, the child's environment 
may be consideréd as threefold, — nature, man, and God. 
With his spiritual environment, God, he is brought into 

relation, at least in his formal education, only through 
his relations to nature and man. If it is true, as has 
been asserted in the preceding chapter, that the highest 
aim of education is to perfezt the relation between the 
child and his environment, then the immediate object 
of formal education is to bring the child into-right 
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relations with nature and man. Behind, beyond, above 
this is the perfecting of the relations between the child 
and God. 4 

We may group all formal education about the two 
centres, — nature and man. The child must study and 
be brought into better relations with both nature and 
man; if he is not, his adaptation to his environment 
is to that extent incomplete or imperfect. 

If all his education consists in the study of man, — 
his language, literature, history, geography, and methods 


: . ^ H * 
of caleulating and reasoning, — the education isnarrow. 


It does not fit the child to understand, appreciate, ór 
properly make use of or control, the physical world in 
which he lives. He is adapted to but part of his envi- 
ronment, and to that extent is only partly educated. 

If the education of the child is limited to the study 
of his physical environment, nature study, or science, 
and the work growing out of this study, his preparation 
for life may be even more defective. If he has not 
studied man, his history, his literature and art, — that is, 
the use man has made of his physical surroundings, 
the beauty man has “half created, half perceived,” 
in and from his environment, — if he knows nothing of 

man's conquest of nature, of man’s social and political 
relations, and has learned nothing from the past experi- 
ences of man, then he cannot be adapted to his human 
environment, and is not well equipped for life with his 
fellow-men. 

In so far as man neglects the sympathetic, reverent 
stud; of nature, his understanding of its Author will 
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be defective or erróneous. In so far as he is ignorant 
of physical laws, he will fail to understand many spirit- 
ual laws of which physieal laws are counterparts or 
downward extensions. In so far as he is unfamiliar 
"with the phenomena of the physieal world, he is unable 
to fully appreciate spiritual truths, or, at least, to con- 
vey spiritual truths in the most effective manner to 
thoseowhose world is largely a physical world. The 
Great Teacher almost invariably used the simplest phys- 
ieal phenomena about him, those with which his hearers 
and all mankind were most familiar, — the sparrow, the 
lilies, the grain of corn, the mustard seed, — as the means 
or medium for conveying the highest spiritual truths. 
The teachers of to-day, whether in home or school or 
pulpit, and partieularly those working with the little 
folks, who live so largely in a world of sense, can do 
no better than follow his example. 

On the other hand, the study of nature alone, no mat- 
ter how sympathetically and reverently pursued, does 
not give the child an adequate knowledge of his spirit- 
ual environment, doés not fit him to appreciate all that 
he receives from God, nor;to appreciate and perform all 
that he owes to:God. In history he sees even higher 
manifestations of protection and care, of purpose and 
plan and a Planner, than in nature. Some comprehen- 
sion of God’s dealings with, and God’s relations to, man 
are essential, and cannot be gained from nature study. 
Tt must come from and through “man study.” With- 
out this the child cannot be best adapted or related to 


his spiritual environment. 


ae 
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A complete education, then, even in the elementary 
school, must provide for the study of these two parts of 
the child's environment. The work of the school must 
be grouped about the two centres, nature and man. 


How can or should this be done? It is much easier 
to gathér school-work about one centre, man, as has 
been largely done in the past. Are these two contres 
equally important, should they be made equally promi- 
nent, throughout the school-life of the child? A little 
study of the child and his relations to nature and man 
will help in answering these questions. " 

With nature, his physical environment, the child is 
brought into relation very largely through his senses. 
Nature (as we use the term) is primarily a world of 
sense. The child sees it, feels it, hears, tastes, smells 
it. The plants, animals, minerals, the flowers, birds, 
and insects, the rocks and soil, the water and clouds, 
appeal to the eye and ear. He begins to see and hear 
and feel them as soon as he is born. His earliest edu- 
cation in babyhood consists almost entirely in becoming 
familiar with nature, this world of sense, through his 
senses. 


Nature thus indicates unmistakably that the earliest 
- education of the child should be very largely centred 
about and based upon that which appeals to his senses, 
Building on what he sees, and therefore knows, he can 
not only develop his power of seeing, but can exercise 
the imagination with which he is so richly endowed, 
He gives to bird and flower every human attribute, and 
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makes the brook and valley he has studied a starting- 
point for wanderings by the great streams, and through 
ihe valleys of other lands. 

Even in the earliest school-years not all his work, 
however, should be a study of nature. He must begin 
his study of man. But that must be largely limited to 
a study of man’s relation to nature. From the study 
of what he can see, and therefore can understand, in 
his home and the home relations, he can pass to the 
homes of other children, — of Agoonack, the child of 
ihe north; of Gemila, the child of the desert. 

Man, as an intellectual being, does not appeal to the 
little child. His early relations with mother are purely 
physical. He has little or nothing at first to give him 
any idea of man as a mind, or the possessor of an intel- 
leet; nothing to relate him to his intellectual environ- 
ment. As he grows older, he begins to understand 
something of the mind of man, but through the medium 
of his sense perceptions. Not until several years after 
birth does he show much intellectual power. Not un- 
til then is he well fitted for the formal study of his 
intellectual environment. As his intellect develops, he 
is more closely related to the intellectual world about 
him; his intellectual environment becomes more im- 
portant, and its study can and should be made more 
prominent. 

If this is true, then the two centres of education are 
not equally important at all, times, and should not be 
made equally prominent throughout the school course. 
In the earlier years of the school-life, nature should be 
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made more prominent; in the later* years, man becomes 
more important, and should be given more prominence. 
Theoretically, perhaps, it may be difficult to tell just 


when the child's intellect is so well developed that he — 


can pursue to the best advantage such studies as history 
and literature. As a practical question, however, these 
must be taken up not later than the fourth to the sixth 
year of school-life, or in the case of the average Ameri- 
can child they will never be studied. Probably ninety 
per cent of our school-children never get beyond the 
eighth or ninth grade. Forty or fifty per cent end 
their school-life at the close of the fifth or sixth school- 
year. G 

The recognition of these two centres of education 
must largely determine the character of the work in 
nature study throughout the school course... At first 
the children must study nature just as they see it, put- 
ting all emphasis on personal observation, and on in- 
ference based on personal observation, Later, nature 
should be studied in its relation to man, — the discov- 
eries man has made; the way in Which he has grouped 
natural objects and phenomena, leading to systematic 
Science; the use man has made and is faking of nature, 
bringing out the practical side, „mining, manafscturing, 
commerce, and correlating the work with geography, 
and history; the thoughts which nature has inspired in 
other minds, leading to literature and art. 

The work in the distirctively “man studies," such 
as history and literature, is similarly influenced by the 
recognition of these two centres. The earlier work in 


e 
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literature must be that relating to nature, or to man in 
his relations to nature. This the children can compre- 
hend and appreciate. The earlier work in history will 
be a study of man’s relation to nature, how he lives, and 
how much nature has helped man. For the social rela- 
tions, except those grouped about the home, the little 
child is not ready. He knows nothing about them. 
He cannot understand the history of the intellectual 
and social struggles and development of mankind. That 
must come later. 

The grouping of the child’s school education about 
these two centres should be, and is to a considerable 
extent, recognized in all school-work. The expressive 
work of the school — reading, writing, drawing, mould- 
ing — must, in the earlier years, be largely based on what 
the child can see, and largely grouped about nature as a 
centre. Later he is better fitted to understand, talk, and 
read and write about his intellectual environment, man. 

Geography must be at first physical geography, the 
study of the earth itself, beginning with the immediate 
physical environment. of the child. Later he is pre- 
pared for political and commercial geography, the earth 


in its relations to man. 


The first limitation of nature study depends on the 


fact that it includes an adequate study of but one part 


of our environment, — nature. Through nature study 


alone the child cannot be most closely related or best 
adapted to all his environment. Hence it cannot be 
made-a basis for a complete, well-rounded education. 
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'The second limitation of the educational value of na- 
ture study, or science, depends on the faet that it does 
not provide for any adequate study of the experiences 
and examples of the past, and does not impress those EN dv 
lessons and truths which can be most readily and effec-: 
tively gained from the study of human experiences and 
human examples. 

The third limitation of nature study depends on the 
fact that while it may be, with history and literature, a 
basis for other studies of the school, — reading, writ- - 
ing, drawing, geography, and, to some extent, arithme- 
tie, — it does not necessarily provide for adequate formal 
work in these studies. It,is a content study. It gives 
matter or ideas. Through the other formal studies 
these ideas must be related and expressed. In nature 
study or literature or history, the essential thing is the 
idea; in the formal studies, the important thing is 
the form, means, or method of expressing or relating 
the ideas. 

When the child has studied the robin, and is writing 
about it, the ideas he expresses are gained from nature 
Study; but he must know something of language, of 
spelling and capitals and punctuation, to express these 
ideas properly. 

It may be possible to make the for 
such as language, drawing, and 
incidental to the content studies, 


mal "studies — 
arithmetic — entire] y 
— science, literature, 
and history. In every lesson in nature study the child 
should be studying, often unconseiously, language. 
Most lessons in history and literature may be made 
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lessons in geography. The experienced, well-equipped, 
farseeing teacher may possibly entirely dispense with 
spelling, capitals, 


definite, formal lessons in language, 
punetuation, grammar, — drawing, geography, and arith- 
metie, and teach them as incidental to nature study, 
history, and literature. , 

But the average teacher cannot do it to advantage. 
The inexperienced teacher is almost certain to fail in 
the attempt. In not a few schools the attempt has 
been made to teach all language work incidentally. 
The result has almost invariably been detrimental to 
the language work. In some schools arithmetic has 
thus been taught incidentally as an adjunct to nature 
study. Very rarely have the results been satisfactory. 

In the average school, with average teachers, under 
average conditions, there must be more or less formal 


. work in th» formal or expressive studies, work supple- 


mentary to or independent of the work in these lines 
based on the content studies. The amount of this 
formal work which may be necessary depends on the 
wisdom, taet, experience, and breadth of the individual 
teacher. 

The limitations of nafure study depend, in the ulti- 
on the fact that it does not include any 
adequate study of one division of the ehild's environ- 
ment, man; that it does not give the child the benefit 
of the experiences of the past; and that it does not, 
under average conditions, provide for adequate work in 
the formal studies of the school, particularly language, 


mate analysis, 


drawing, and arithmetic. 
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CHAPTER VII. 
PRINCIPLES DETERMINING METHOD IN NATURE STUDY. 


Tur diseussion of almost any subject involves the 
consideration of three questions, — « What?” « Why?” 
“How?” We have answered two of these questions. 

The consideration of method involves three topies, — 
the study of material, the selection of material, and the 
arrangement of material and formulation of a course in 
nature study. The term “method” is frequently re- 
stricted to the first of these, the method in studying 
material, This may be discussed under three main 
heads: First, the presentation of matter to the children; 
second, the expression by the children of what they 
have learned, involving a consideration of the methods 
of relating nature study to the expressive work of the 
school, — language, drawing, moulding, painting, music; 
third, the method of relating natüre stud y to other school- 
work, particularly literature, geography, and arithmetic, 

In this and the next chapters we propose to consider 
the principles which must largely determine all method ; 
in the two chapters following these we can study the 
application of these principles in the presentation of 
matter to the children, taking up in later chapters the 
other phases of method. 
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While our methòd must be determined by our appre- 
ciation of aim and understanding of children, it wili be 
modified by other elements. It seems wise, therefore, 
in discussing method, to consider in order: — 

First. The aims of nature study or of education in 
general, diseussed in Chapters IV and V. 

Second. Those characteristics or laws of child nature 
andechild development most important, or having the 
greatest influenee, in determining method. 

Third. The other conditions which may modify 
method. These affect more particularly the selection 
and arrangement of material. They are considered in 
Chapter XIV. 


The ultimate aim, as discussed and formulated in 
Chapter V, is: To adapt the child to his threefold envi- 
ronment, — physical, intellectual, spiritual, — or, stated 
more definitely, to train the child to appreciate what 
he receives from, and to recognize and perform what he 
owes to, nature, man, and God. 

Considering the individual child, the following sub- 
ordinate aims were formulated in Chapter IV, all in- 
cluded in the final aim, already stated : — 

First. To awaken the interest and cultivate the sym- 
pathy of the child. y / 

Second. ‘To develop his higher nature, esthetic, ethi- 
cal, and spiritual, and lead toward God. 

Third. To develop the- intellectual powers of the 


child, and form right habits. : 
Fourth. To gain a knowledge of his environment. 
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Subordinate to the general aims enumerated are others 
relating to the material. Each Series of lessons and 
each lesson in nature study has as its immediate aim 
the presentation of certain matter, and the developing 
of certain ideas and relations. The teacher is planning 
to study with her pupils the robin. 
aim may be to discover all they can 
Back of that may be the emphasizing 
those points of structure which will h 
to compare the robin with other birds. Back of this is 
the putting of the robin in its proper group or order of 
birds, relating this group to other orders of birds, com- 
paring birds with other backboned animals, and finally 
finding their place in the animal kingdom. Above all 
these aims is the development of the powers of the child, 
—the powers of discrimination, judgment, and élassi- 
fication, and of reducing to unity. Highest of all is the 
powers for the good 
which he is a part. 
an immediate aim or point, 
ated to thetaim of the series of 

and ¢onducted w 


The immediate 
about the robin, 
and clinehixg of 
elp the children 


Each lesson Should have 
subordinate and well rel 
lessons, and. all planned 
to the ultimate aim. 

The relation of aim to method 
aims to general aim has been illust 
on the rabbit, Chapter II. 

The method of each individual teacher 
material to her pupils, or in, selecting and arranging or 
relating topies for study, will be mainly determined by 
her power or habit of looking from and through imme- 


ith reference 


and of subordinate 
rated in the lessons 


in presenting 
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diate aims to the ħigher ultimate aim. If she can see 
little farther than the examination, she will find little 
place for nature study, and have little use for method. 
Her method will be a process of “cramming.” If she 
thinks mainly or only of developing the intellectual pow- 
ers of her pupils, — that is, the powers of observation, 
expression, and thought, — she will understand the use- 
lessness of “cramming.” She will insist on individual 
work, individual seeing and thinking and telling, but 
will neglect the highest aspects or content of nature 
study. Her method will be rigidly scientific. If she 
thinks only of preparing her pupils for practical life, 
of fitting them to earn their bread and butter, she will 
dwell on the economic relations of what she studies 
with her boys and girls. If she keeps ever before her 
the ultimate aim, the fitting and training of the chil- 
dren for the best possible relations with all their envi- 
ronment, nature, man, and God, she will find time and 
place in her plan of work for that which will appeal to 
and develop the higher nature of her pupils, as well as 
for that through which they may gain useful knowledge 
and develop power. e 

It is important that the pupil, as well as the teacher, 
have æ definite aim. His aim may be immediate and 
narrow, while the teacher sees the higher aims; but, in 
al the pupil will do definite work in proportion 


gener: i 
The pupil who dees not 


as he realizes a definite aim. 
know the aim, is like the child who is taken out for a 


walk without any objective point. Both wander about 
aimlessly. The pupil who, at the beginning of the 


riw 


pu 
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lesson, is impressed with the aim of'the work in hand, 
who knows exactly what he is looking for or trying to 
do, like the child who knows he is going to grandma's 
or to the toy-store, is much more apt to go directly 
toward his destination. When they are asked to study 
the buttercup, most children will do very little. When 
they understand that each pupil is to see how much he 


- ean discover about the parts of the buttercup flewer, 


what each part does, how it does it, how it is fitted for 
its work, each is much more apt to observe and think 
for himself. 

The aim must be stated in such a form, however; as 
not to tell the pupils whet they should discover for 
themselves. When the children are told, «To-day we 
are going outdoors to discover how and from what dirt 
or soil, is made,” they are given something definite to 
do, and are apt to do and think much more than if they 
are told, « To-day we will find that rocks break down 
into soil or dirt, and that leaves decay to form soil.” 
In the second case they do not go out to investigate for 
themselves, but simply to verify what the teacher has 
told them. " 


Now comes the question, What characteristics of 
the child mind are most marked or what laws of child 
development have the most weight in determining 
method ? Í 

In genuine nature study the child is studying under 
‘the most natural conditions. He is gaining knowledge 
for himself through his senses, the natural method. 


e 
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In no school-work do teachers have better opportu- 
nities for studying children. Experience has.shown 
that nature study, more than any other work in the 
elementary school, leads the teacher to study her chil- 
dren and adapt her methods to them. In nature study, 
genuine nature study, teacher and pupils are working 
together, fellow-investigators of truth. 

In such child study we discover certain character- 
isties or laws in the development of children (and al- 
most equally marked in the adult) whieh determine 
method and require special consideration. "These are : — 

First. Sense-perception, as determining the medium 
through which, and the method by which, the child 
must originally gain his ideas or impressions or per- 
cepts. | 

Second. Apperception, as determining the means or 
method by which new ideas must be assimilated and 
incorporated with the old ideas, forming concepts or 
general notions. à 

Third. Interest, as determining the condition for and 
the method of gaining the most effective sense-percep- 
tions, and of relating these percepts in apperception. 

Fourth. Imagination, the power and process of form- 
ing mind pictures or mental images of what is seen or 
perceived (visualization), of recalling or reproducing 
these mind pictures (memory or reproductive imagi- 
nation), and of modifying and combining the mental 
images of what has been ‘perceived 80, as to picture 
what has not been perceived (constructive imagination). 

Fifth. Sequence, the relating of ideas in a series, as 
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e . 
determining, or rather expressing, the order in which 
the mind most readily receives and retains ideas or 

` impressions. 

Sixth. Unity, combining or merging diverse ideas into 
one, the condition to which the mind strives to reduce 
all ideas, and with which alone the mind is satisfied. 

Seventh. Expression, as determining the means by 

ES " 
which the child can convey his ideas to others, ahd at 
the same time fix or impress these ideas in his own 
mind, and gain power to get ideas from others. 


By what we may call the law of sense-perception, we 
mean that the child must originally gain his 
through his senses. All entrely new matter 
come through his senses. 

When we attempt to give the child new ideas 
through the artificial symbols which we call words, we 

"often violate this law, and fail in our work. This law 
is of the greatest importance and widest application in 
science, or nature study. True science, or nature study, 
probably more than any other other line of work 
be founded and built upon sense-perception. 

This is most essential in work ‘in primary grades, and 
in any grade when beginning nature study.’ fn later 
study, much can be founded or built upon the sense- 
perceptions and the mental pictures gained in earlier 
work. 

Just here special care is necessary. Unless teachers 
take every precaution, make sure that pupils see with 
their'own eyes, instead of merely listening or absorbing, 


ideas 
must 


» must 


PRINCIPLES DETERMINING METHOD. 151 


all later work wili be weak, because built on weak 
foundations. 

The education of the past has been almost entirely 
an education of listening and absorbing, and appropriat- 
"ing, not of seeing and getting for ourselves. ‘Teachers 

have learned to depend on books. In the writer's expe- 
rience with teachers, one of the most common questions 
has been, * Where ean I find a book which will tell 
me all about it?” ‘Teachers have given to their pu- 
pils, instead of leading the pupils to get for themselves. 
In nature study the first great struggle of teachers will 
be at this point, — to overcome the habits so firmly 
fixed; to allow the younger-pupils, and encourage and 
compel the older pupils, to use and depend on their own 
senses, to really base their work on sense-perception. 

The necessity of basing «ll nature study on sense- 
perception, of laying the foundations in actual seeing 
and observation by eacli pupil, must greatly influence 
method; it must largely determine the selection of ma- 
terial and the order of study... Other things being equal, 
we must select for study that which can be best per- 
ceived or seen, and begin our study of anything with 

that which appeals most to the senses. ‘This has been 
illustreted in Chapter II. 

It must be remembered, also (as was brought out 
III), that knowledge must be based not 
perception, but on “clear and certain 
emphasis cannot be -placed 
"so far as the children are 


in Chapter 
merely on sense- 
perception.” Too much 
on careful, exact observation, 
capable of exact work. 
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The law of apperception is an expression for the 
fact that the mind receives and retains those ideas 
which are or can be related to what is already in the 
mind, and, further, that it changes what it thus retains, 
connects it with, and makes it like, what the mind had 
before. 

What any one sees depends on what he has already 
seen, what is already in his mind. Looking ab the 
leaves on a tree, the artist may see the shades of color 
and play of light and shade, and little more; the bot- 
ahist may see the resemblance to leaves of related plants, 
or perhaps their speeial adaptation to their work or 
function; the child may see only the movements of. the 
leaves in the wind, or their bright colors, or the wreat 
he once made from them. All may look at the same 
leaves, and yet each sees something different. Each 
sees with and through that which he has already seen. 

In this respect the mind is much like the body. No 
matter how much or what kind of food is placed before 
or taken into the body, the body only retains that food 
which it ean assimilate; that is, relate to and make like 
what is already a part of the body. Apperception is 
thus the mental equivalent of physiological assimilation. 

In the ultimate analysis the laws that we haxe enu- 
merated depend, very largely at least, on apperception. 
We have seen that sense-perception depends on apper- 
ception. Interest is based on apperception. The child 
is interested in that which.appeals to him; that is, in 
that which can be related to something already in him- 
self. This is the reason why children are so much 


E 
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more interested in'life and action than in mere form 
and structure, and why young children are so much 
interested in nature’s babies. Imagination can only 
use the material or ideas gained by perception. and 
"modified and related by appereeption. The law of 
sequence results from apperception. By sequence we 
mean bringing matter to the child step by step in such 
an order that each new idea may be most clearly apper- 
ceived, that is, seized by and correlated with the mass 
of ideas which the previous steps have either given to 
the mind or brought into consciousness. The law of 
unity is simply an expression for the tendency which 
the mind has to relate everything which it perceives. 
The more closely the relations are established in all 
directions, the more perfect is the resulting unity. We 
shall find later, in our discussion of expression, that 
methods of expression must be determined largely by 
reference to the same principle of apperception. 

The law of appereeption must, then, very largely 
determine methods in nature study. To get the best 
results, we must nót merely bring the matter before 
the children where each child ean see it, — that is, base 
our work on sense-perception, — but we must call up, 
bring into consciousness, by our questioning, or by 
encouraging the children to talk freely, what is already 
in their minds relating to the material; find out what 
the children already know, and take hold of and empha- 
size those ideas which will,make the best foundation 
for the new matter we want to present. This is most 
essential when working with young pupils. The. little 
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folks see so much more in germinating seed or develop. 
ing bud, when they have connected the plant. babies 
with the babies in their homes, — the way in which 
their baby brothers are cared for and fed and grow. 

In any work which requires the pupils to think rather 
than to merely see, our suce 


s as teachers will largely 
depend on our power and habit of calling up the apper- 
ceiving ideas or concepts of the children, and building 
on these. As illustrated in the study of the rabbit in 
Chapter II, pupils understand much better the move- 
ments and limbs and feeding and teeth of the rabbit 
when they are related to their own body and way of 
moving and eating. 2 

We see the wisdom, considering this same principle 
of apperception, of reviewing at the beginning of each 
lesson those parts of previous lessons on which the new 
lesson must be built or based, of being sure of our foun- 
dations before beginning new work. 


The law of interest, — that the mind most clearly re- 
ceives or perceives, is most deeply impressed by and most 
strongly retains or apperceives, those ideas which ex- 
cite or are accompanied by interest, —has been strongly 
emphasized in the discussion of aim. In general, the 
surest evidence of interest is attention. Until the 
teacher has attention she can accomplish comparatively 
little. 

No matter how careful.the teacher is to bring the 
material before the child, to make sure that he sees, 
and to build on the foundations already laid, on the 
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apperceiving concepts in the child's mind, the ideas 
gained or the impressions made will not be most clear 
and strong unless the child is interested. 

» On the other hand, the more the work in nature 


study is based on sense-perception, on what appeals to 
the senses, and the more the new is built upon and 
related to the old, is based on apperception, the more, 
in general, will the child be interested. Interest, par- 
ticularly sustained or habitual interest, is one of the 
surest evidences that work is being presented in ac- 
cordance with psychological laws. Absence of interest 
shows, in general, that something is wrong ; matter or 
method is not adapted to the children. 

Just as apperception is the mental equivalent of phys- 
iological assimilation, so interest may be considered as 
the counterpart of appetite. With adults appetite and 
interest ave oftentimes not considered essential. The 
body and mind of children will not get proper nourish- 
ment without appetite or interest. 

With interest aroused and senses alert there is scarcely 
a limit to what the child can do. In no other work 
is interest more essential ‘than in nature study. In no 
other study will the teacher be so apt to be impressed 
with the educational value of interest as when she and 
her children are studying nature together under natural 
conditions, and following natural methods. In much 
other school-work the conditions and methods are un- 
natural, and the importance "of interest is not recognized 
or realized. 


Sympathy is but a higher active form of interest. 
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The more we can bring our pupils into sympathy with 
‘the dandelion and rabbit, with the world of life about 
them, the better the results. Sympathetic interest, as 
distinguished from mere intellectual curiosity, is a great 
aid in nature study. 

As pupils grow older, we can depend more and more 
on what may be called secondary or indirect interests, — 
the ambition to succeed or to prepare for life, the desire 
to please parents and others, the fear of the disgrace 
which failure may bring.’ This indirect interest is, not 
so helpful nor important at any stage in education as 
immediate, direct interest. ML 

A most practical question is, How can the children 
be interested, and how can they be kept interested? 

As has been’ said, the first essential in gaining and 
maintaining interest is to present matter which the chil- 
dren can understand, for which they have appereeiving 
concepts, and to present it in such a way as to most 
clearly relate the new matter to the old. 

Novelty or newness usually arouges or stimulates in- 
terest. Young children particularly are more interested 
in new things. For this rea&on they require frequent 
change. Their interest cannot be very long sustained 
in one thing. As children begin to think more, new 
ideas as well as new objects attract them, new points of 
view, new relations in which familiar objects are studied, 
new beauties of form and color and function and adap- 
tation, unsuspected before. The commonest, most fa- 
miliar things, such as the dandelion, become new, w 
thus studied in a new light. 


hen 


—— 


— 
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A third source of interest is participation, or self- 
activity. Children are interested, in nature study or 
anything else, in proportion as the teacher leads them 
to see and think and do for themselves. The child 
who makes a new discovery with his own eyes, or 
works out for himself a new idea or thought, is much 
more interested by and because of this self-activity, 
than*he who simply absorbs from book or teacher or 
fellow-pupil. In nature study the children are much 
more interested in material which they have gathered 
or cared for themselves. The more a teacher can lead 
her pupils to get and take care of their own plants or 
animals or stones, or make their own apparatus, the more 
will they be interested. The more the children discover 
for themselves new facts, the more they work out the 
“why” and “how” of what they have discovered, the 
more the pupils, rather than the teacher, compare and 
generalize and deduce principles or laws, the greater 
will be their interest. 

The interest will be increased, more especially with 
young children, by emphasizing in nature study the 
human or personal element, and particularly the child 
element. We can study the plants and animals, not as 
mere things, but as beings with human or child attri- 
butes or characteristics. Even water and snow and 
frost, lifeless things, can oftentimes be endowed with 
human desires and sympathies. The poets thus per- 
sonify flower and tree, and raindrop and stream. In 
the childhood of the race all mankind personified na- 
ture. The children naturally do the same. It is often 
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most helpful to allow or encouragé children to thus 
personify, beginning always with facts gained through 
perception and elaborated by apperception, but letting 
imagination add flesh to what might otherwise be dry 


bones. In the study of cotton, the cotton-pickers and ` 


their pickaninnies and homes and life are more inte- 
resting than the mere process of planting and cultivat- 
ing and gathering cotton. The processes of lumbering 
mean most when the study is centred about the lum- 
bermen, the human element. These give connection 
and life to the processes. 

We come now to the place of imagination in deter- 
mining method. When our boys and girls have seen 
what they can about the dandelion blossom, and, by re- 


lating what they have seen to what is already in. their | 


mind, have gained a fair idea of the number, size, form, 
and color of its parts, they should have a mental picture 
of the flower. If this picture is to be of much value, 
they should have the power of bringing it into the 


mind, or rather into consciousness, dgain, when the blos- 
som is not before their eyes, 


repeating or reproducing it 
at some later time. 


But this power of repeating the 
image or mental picture is of comparatively little -value 
if the pupils can only repeat it exactly as they first saw 
it. ít is necessary to take from that picture some 
features not essential, such as the size of the yellow 
disk, which varies in different specimens, and to add 
points noticed in other dandelions, so that the children 
can gain the general idea or general notion of dandelion 


—— 
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blossoms, as distingüished from that particular blossom. 
Or they may have to add to the picture of the flower 
those of the other paris of the plant to form a picture 
of the plant, or those of other stages of growth to 
understand its life history. Finally, as was shown in 
Chapter I, the images of the dandelion must be related 
to what the mind knows about its environment. 

This process of relating to other mind pictures, omit- 
ting some features, adding others, combining and modi- 
fying, may be continued until we get the beautiful 
series of pictures embodied in Lowell's *'To the Dande- 
lion,” 

The power or the process. of repeating or reprodu- 
cing the images of what has been perceived and apper- 
ceived is memory. The power or process of relating 
and combining these images, selecting parts of some, 
adding to others, combining parts of several to form a 
mind picture of what has not been perceived, we call 
imagination. The distinction between memory and 
imagination as thus defined is not very sharp. Fre- 
quently imagination’ is considered as including both 
memory — then called reproductive imagination — and 
imagination proper, distinguished as constructive ima- 
ginatien. Both have a most important part in determin- 
ing method in nature study or in any other subject. 

We recognize the importance of memory, or repro- 
ductive imagination, in all education. The education 
of the past, and much of the education of to-day, has 
relied too much on memory of words rather than of 
sense-percepts, memory which has very little sense-per- 
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ception back of it. "Too'often children have memorized 
facts, definitions, formulas, — words, words, words, — 
with very little real content in them. Nature study, 
or science, is a protest against this kind or form of edu- 
cation. For words it would substitute real ideas, sharp, 
clear mental pictures, based primarily on sense-percep- 
tion, and would use words as the means of clothing and 
expressing or gaining ideas. D 
“In the reaction against too great dependence on word 
memory, there is often a tendency toward the oppo- 
site extreme. In emphasizing sense-perception, we are 
prone to overlook the importance of memory as an edu- 
cational factor, and to neglect that necessary drill in re- 
producing what has been perceived and apperceived. 
This tendency is very evident in much of the elemen- 
tary science work in our schools. It is often assumed 
that when children have seen and understood, little 
more is to be done. Seeing and understanding are or 
should be but the foundation and preparation for larger 
and broader seeing and understanding ; and this larger 
view is only possible when children keep in mind or re- 
member the essentials of what has been learned before, 
and constantly relate them to what is newly acquired. 
To train the memory, — that is, to insure the repeat- 
ing or reproduction in the mind of what has been geen 
or otherwise perceived, — nature points out three means 
or methods : — 
First. The original picture or impression should be 
as clear and sharp as it is possible to make it. The 
pupil.who has examined a flower carefully will remem- 
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ber much better than he who has merely glanced at it. 
What cannot be clearly seen by the children, such as 
the structure of the individual florets of the dandelion, 
js apt to be soon forgotten. 

The clearness of the mind picture can be ascertained, 
and the power to recall it developed, by occasionally 
testing the power of the pupils to visualize; that is to 
form ‘a mind picture of what is not before their eyes. 
After looking intently at some simple object, such as a 
leaf or a piece of apparatus, the pupils should describe 
it, or draw it from memory. Occasionally it will be 
helpful to have the pupils make a * conceptional draw- 
ing" of some simple familiar object at home, such as a 
tea-kettle or a lamp, and afterward compare their diaw- 
ing with the object, and correct errors. 

Second. Each important idea should be related with 
many other ideas, so that it may be recalled through ors 
by means of any one or more of these. What is isolated 
or stands by itself is soon forgotten. What has been 
seen about the dandelion will be remembered much 
better when the plant is studied, not as a mere isolated 
structure, unrelated to anything else, but as related to its 
environment, soil and sun, and wind and inseets, and to 
other plants. Its green cup is better remembered when | 
related to its habit of closing at night, or in a storm. 
Any point of structure is better remembered when re- 
lated to its function. When the children understand 
What the veins do for a leaf, that they support and carry 
food to each part, they better remember the plan of 
veining and the fact that a branch vein extends to the 
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apex of each division of a leaf. We see here another 
reason for emphas 


zing the “why” in nature study. 
Third. That which is most important, and should 


therefore be remembered, must be frequently repeated or. 


reviewed. Here we see the necessity for drill. Because 
` of the first law of memory, stated above, the review will 
be most effective when the images are fresh and elec ar. 
Because of the second law, that review is best which 
emphasizes relations and not merely facts. Hence each 
lesson should close with a summary, gathering up, bring- 
ing together, and relating the important points brought 
out. The first step in each lesson should, in general, be 
a review of the previous lesson or lessons, or at least of 
those portions of previous lessons on which the new 
work depends. So, also, each step in a lesson should 
be reviewed and stated clearly before passing. to an- 
eother step. This summary tests the clearness of ‘the 
impressions, brings out. the relations of the ideas or 
facts, and helps to fix them in the mind by having 
them repeated. 


Constructive imagination, dr imagination proper as 
distinguished from memory, differs from the latter in 
that it not merely repeats the mental images of what 
has been seen or perceived, but takes from, adds to, 
combines and recombines them, forming a picture of 
what has not been seen. It is only through imagination 
that we are able to become acquainted with that great 
part of the universe of which our senses alone give us 
little direct knowledge. It is imagination which helps 
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us to look into the future, just as memory enables us to 
recall the past. 

Imagination plays a most important part in mature 
science, as Professor Tyndall has shown in his essay on 
the “Scientific Use of the Imagination. On imagina- 
tion, applied to and tested by facts, controlled by reason, 
depend the grandest conceptions and generalizations of 
the hyman mind, — the law of gravitation, the nebular 
hypothesis, the theory of evolution. 

On the other hand, imagination not based on facts, 
or not controlled or directed by reason, is exceedingly 
harmful. 

In the reaction against the education of verbal memo- 
rizing and return to the natural education of seeing, 
there is a tendency to diseredit the educational value of 
imagination. Not infrequently seientists aver that it 
is utterly wrong to encourage the children to put into 
nature anything they cannot see; that, for instance, the“ 
lessons in elementary science which emphasize or dwell 
on the idea of proteetion in the study of the buds of 
pussy-willow or horse-chestnut are absurd and unscien- 
tific. As a fact, without imagination we could get no 
conception of life processes, of which only the results 
can be, directly perceived. 

Nature, however, endows the child with a strong 
imagination, and indicates its importance as an aid in 
his education. Imagination is the instrument by which 
the child looks from and through his little world of 
sense to the greater universe beyond his childish senses, 
for which he must be prepared. Through his imagina- 
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tion he modifies and combines the ‘pictures which come 
to him through his senses, and thus gains higher, wider 
views, somewhat as he unites his letters to build words 
and form sentences. ‘This faculty must be cultivated 
and directed, not neglected or deadened. s 

The practical question is asked, How can we most 
effectively use and cultivate the imagination in our work 
in nature study? Much of what has been said regard- 
ing the training of memory applies also to the cultiva- 
tion of the imagination. . 

What is imagined or imaged must be based on" and 
related.to what is seen or perceived. The teacher who 
would train her pupils to pieture what they have not 
seen must first lead them to combine into a clear pic- 
ture what has been seen. ‘They can only really imagine 
the lion and its habits when they haye carefully studied 
the character and habits of such an animal as the cat. 
They can gain some idea of the Mississippi Valley 
through an examination of some brook or river-basin 
near their home. The pupils cannot imagine the pro- 
cesses by which sap is carried through the plant until 
they have seen experiments Qn eapillarity and osmosis.’ 

On the other hand, if we are to cultivate the imagi- 
nation we must not stop with what is seen, but must 
frequently lead from what is perceived to what must be 
inagined. After studying the hairy seeds which the 
children can see, such as the dandelion and thistle and 
milkweed, it is wise to pass to the cotton-seed, with 
much longer hairs, which they must usually imagine, 
From the cotton-seed they can be led to picture the 

" 
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cotton-plant, the cotton-field, and perhaps the cotton- 
picking. 

As describing or drawing from memory trains the 
memory, so deseribing or drawing what the children 
have read about, or have been told, but have never 
seen — that is, making a conceptional drawing — may 
help in cultivating the imagination. A description by 
the eliildren of a cotton-field, or a drawing to represent 
the children’s mind picture of the cotton-boll, shows 
teacher and pupil whether the picture in the mind of 
the pupil is clear and correct or vague, and tends to 
develop the power to picture or image or imagine. 

Because the child can most readily imagine that which 
is most like what he already knows, it is easier for him 
to gain or form mental pietures of what is alive like 
himself, and of those things which are considered as 
having the attributes and relations with which he is 
familiar in his own life. Hence, as has been said before, 
it is natural, and often very helpful, for the child to per- 
sonify; to endow animals and plants, and even lifeless 
nature, with human attributes. The more he thinks of 
them as living, working, helping, dependent, like him- 
self, the better Gan he imagine and understand their 
life, Often he delights in imagining himself to be a 
leaf or plant or squirrel or raindrop, or in having these 
tell their own story. 

One of the most effective aids in cultivating the im- 
agination is literature. On she other hand, one of the 
main essentials for an appreciation of literature is a 
vivid imagination. "The value of literature, as à means 
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‘of broadening and uplifting the ideas and thoughts and 
pictures gained from nature study, is illustrated in the 
study of the dandelion in’ Chapter I. Lowells « To 
the Dandelion” leads into a new world, if the reader 
has seen or experienced enough, and has an imagina- 
tion sufficiently trained, to pieture what the poet ex- 
presses. Genuine literature can be distinguished from 
mere prose or rhyme by the extent to which it^ gives 
broader, higher views, opens new vistas. That which 
merely gathers up what has been already perceived or 
apperceived, lacks one great essential of literature. 

If we realize the importance of cultivating the im- 
agination. of our boys and girls, of leading from the 
seen to the broader, more uplifting unseen, if we ap- 
preciate the higher aims of nature study, the’ impor- 
tance of cultivating the higher nature of our pupils, 
we will in our nature study make use of the best 
literature, and so study it with our pupils that they will 
be able to see something of the pictures the 


authors 
lave seen. 


o 
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CHAPTER VIII. 


PRINCIPLES DETERMINING METHOD IN NATURE STUDY 
J (CONTINUED). 


HavixG considered in the previous chapter the in- 
flueñce of sense-perception, apperception, interest, and 
imagination in determining method, we are prepared 
to diseuss the relation to method of sequence, unity, 
and expression. 

Sequence is but a continuation or repetition of the 
process of apperception. The mind, like the body, 
accomplishes most when it builds and is built in order, 
or proceeds step by step. Sequence is building in 
order, founding each new part on the previous part, 
relating each new step most closely to preceding steps. 

To insure sequence, several precautions are neces- 
sary; certain errors, common in teaching, must be 
guarded against 

We-must be sure that all necessary foundations are 
laid. ‘The builder who discovers after he has partly 
finished the superstrueture that he has forgotten or 
neglected to support some part, and is compelled to go 
back and strengthen or add, to his foundation, always 
loses time, and usually has a weak structure. The 
teacher who continually finds that in previous lessons 
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she has neglected to lay some of the foundations on 
which present work must be built, and who is frequently 
compelled to interrupt her advance work, and go back to 
lay the foundations for it, cannot do the best teaching. 

In studying the dandelion, unless the children have 
observed out-of-doors the closing of the flower, the — 
growing of leaves and flowers away from the shade 
and toward the light, and the arrangement of the leaves 

« to catch the rain and direct it toward the root, a lesson 
on the relations of the dandelion to sun and rain is 
almost useless. No foundations have been laid for it. 
The value of sequence or continuity of thought in. in- 
dividual lessons and in series of lessons is un xm in 
Chapter II on the study of the rabbit. 

A. second error often committed by teachers, and par- 
ticularly by teachers of young children, consists in 
attempting to take several steps at once, or to jump 
from point to point. Adults learn to take long steps, 
to go up-stairs two or three Steps at a time, to take 
greatleaps. Children must first creep, then take short 
Steps, and after a time learn to run and jump. Par- | 

ticularly when climbing (and education is a process of 4 
climbing) they must progress step by step. "They can 
jump or fall downward, but not upward. . 

What is true of the bodies of children is equally true 
of their minds. "The mind, however, is much later than 
the body in attaining the stage of development when it 
can habitually jump or lean. 

The adult teacher habitually, but often unconsciously, 
makes mental jumps in her line of thought, paying little 


— P 


PRINCIPLES DETERMINING METHOD. 169 


or no attention to the intervening steps. When the 
teacher assumes that her pupils ean take the same leaps 
of thought that she does, she either fails entirely, or, if 
she is strong, pulls her pupils off their feet, and carries 
them along with her, instead of training them to walk 
for themselves. : 

Only as the teacher analyzes her leaps, goes back in 
her eXperience to the time when she had to go step by 
step, studies the steps by which her children progress, 
and then adapts herself to them and tries to keep step 
with them, will she be most successful in training her 
pupils to take longer steps, and finally to leap for them- 
selves. s s 

Such an analysis by the teacher of the successive steps 
by whieh she gained her ideas or attained her present 
state of knowledge is particularly essential in the case 
of the teacher whose edueation has been almost entirely 
an education of books. In mere book-work, pupils ha- 
bitually make great leaps, accepting the ideas and con- 
clusions of the author without looking at the steps which 
lead up to them. For this reason, and many others, 
the teacher should study»nature, not merely books, in 
preparing for náture study; she can best prepare by 
studying with a child. She can then see just how the 
children ereep and step in their observation and thought. 
The teacher who prepares for her lesson in nature study 
by merely reading what “the book says," will almost 
certainly fail in adapting hep work to her pupils, and in 
leading them to see and think for themselves. 

This tendency of the adult mind to leap is illustrated 
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constantly. We associate the evaporation of water with 
the formation of rain and snow, and are apt to expect a 
child to do the same. If he does he merely takes the 
relation on faith, as we probably took it originally. Be- 
tween the evaporation of water and the falling snow 
there is a long series of intermediate steps : the process 
and conditions of evaporation; condensation and the 
formation of water-dust, mist, fog, cloud, and? rain- 
drops; the process of freezing and crystallization, by 
which frost and the snowflakes are formed ; perhaps 
also the work of heat and gravitation, of the sun and 
wind, in the formation of snow from evaporated water. 

At times, of course, the path is too Steep, or the 
climbing too difficult, for the children. Then the 
teacher must carry them. However, children are much 
better climbers, and need much less carrying, than the 
average teacher assumes or supposes. If allowed and 
encouraged to climb in their own w 
wonders. 

The lack of sequence, of Step by step progression, 
is à serious fault most prevalent in class-room work, 
particularly in nature study, in which, more than in 
most other studies, the teacher is usually left to plan 
her own work and determine her own order. In the 
writer’s experience with teachers, he has found it help- 
ful, in overcoming this fault, to have the teachers, in 
planning and conducting their work, divide each lesson 
into two or more distinctky marked steps, and to have 
each step carefully reviewed and summarized by two or 
morespupils before passing to the next Step. A lesson 


ay, they can do 
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on the movements of the canary-bird may thus be divided 
into: step 1, position at rest; step 2, perching; step 3, 
hopping; step 4, swinging; step 5, flying. The teacher 
should get all that she can from the observations of the 
"children about the position of the bird at rest, perhap: 
supplement this from her own observations, and have it 
gathered up or summarized by two or three pupils be- 
fore asking them-or even allowing them to tell about 
‘the perching of the canary. If such a plan is followed, 
the children soon learn to observe in some order, and 
are much more apt to be orderly in their oral and writ- 
ten expression. 

In Chapter II this step by: step progression and sum- 
marizing is frequently illustrated. 

A third precaution necessary to insure sequence or 
continuity of thought is the avoidance of digressions. 
When the teacher has decided on her line of thought, 
she must be careful about wandering out of the path 
into the fields on either side. In no other study is the 
tendency or temptation to do this greater than in nature 
study. If pupils talk freely, as they should, they are 
apt to bring in much extraneous matter. It requires 
tact to keep them to the line of thought without dis- 
couraging them from expressing themselves. 

The pupils can be more readily kept to the line of 
thought if told at the beginning of the lesson just 
what the aim or point of the lesson is. When they are 
deeply impressed, at the beginning, with the idea that 
“ to-day we will try to discover how the snail-shells are 
made, and what becomes of them,” or, “ to-day we, want 
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to learn just how Mother Nature provides for the scat- 
tering of the dandelion seeds,” they are not so apt to 
wander. 

It must be remembered, however, that the thought- 
ful digressions by the pupils often indicate the line of 
thought which the children are following, which may 
be better for them than the line of thought the teacher 
has mapped out. Remembering that we are ofter: most 


successful in leading children when we are apparently 


"being led by them, it is frequently wise to follow out 
these digressions, when they are sincere and thoughtful, 
and see where they will take us. 


In studying about the elm-tree, for instance; if the 
children persist in talking about the oriole's nest they 
found in the elm-tree near the School, the wise teacher 
may let them tell about the nest, — how and where it is 
fastened, how deep it is, —and may help the pupils to 
see that the birds understand, even better than the chil- 
dren, how flexible and tough the branches of the elm are, 
and how well fitted to support just such nests. ‘The 
interest in the nest will help to fix these distinctive 
characteristics of the elm twigs. 

Closely related to the avoidance of thoughtless di- 
gressions is the importance of « guarding the switches.” 
There are certain points where pupils are most apt to 
get confused or wander off. These must be guarded 
with special care. Two “switches " which require spe- 
cial “guards” result from the tendency to depend on old 
ideas established in the mind, rather than on what the 

senses tell, and from the tendency to make too broad gen- 
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eralizations. After studying the cricket or grasshopper 
(see Fig. 27, p. 229) and other insects, and having the 
idea impressed upon them that these animals have dis- 
tinet head, thorax, and- abdomen, nine children out of 
ten will think of and,draw the crayfish or spider (see 
Figs. 22 and 23), when they begin to study them, as hav- 
ing a distinct head, although their eyes tell them that 
head ànd thorax are very closely united, without any 
neck. After studying the dandelion and thistle flowers 
as typical of the composites, nearly all pupils will assume " 
that all compound flowers, such as the clover, are com- 
posites. The experienced teacher, who has been over 
the ground and located these’ “switches,” will have the 
foresight to warn the pupils before they reach these 


points. 


A common method of keeping children to a definite 
line of thought is the Socratic method, or development 
method. By a series of skilful, well-related questions 
the child is led to see and to state just what the teacher 
wishes him to see and state. 

This development method is often invaluable. In 
leading children’ to an abstraction or general truth, 
such as a rule in mathematics or grammar, or a group- 
ing or classification in botany or zoülogy, or in helping 
the pupil to see relations which he can never work out 
for or by himself (as the fact that a potato is a modified 
stem, and that a thorn may? be a modified leaf), it is 


most effective and necessary. 4 
But in most science work the development mothod 
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must be used cautiously. Close questioning has less 
` place, probably, in science or nature study than in any 
other line of school-work, because in nature study pupils 
have concrete things to work with. Too much develop- 
ment work may be more harmful in science than in any 
other field. Every experiment and observation is, in 
general, a question asked of nature; and the answer to 
that question is usually in “plain 
sight of the pupil who will use 
eyes and head. When the teacher 
has made sure that 
the pupil understands 
the question, the point 
of an expériment, the 
appearance of the leaf 
in his hand, and has 
the means for answer- 
ing that question, it 
is better to give him 
opportunity to ob. 
Fig. 21. Serve and think for 
a himself, not to dis- 
tract his attention and interfere with Close observation 
by throwing questions at him. i 
The teacher may get from the child 
description of the buttereup leaf (see Fig. 21) by ask- 
ing such a series of questions as : What kind of a stem 
has it? Howlong? Whit is its shape? What is the 
shape of the broad part or blade of the leaf? How 
long? How wide? Where widest? What is its color? 


ren a good orderly 


PRINCIPLES DETERMINING METHOD. 175 


Is the color of the upper and lower surfaces similar? 
How are its veins arranged? How far out into the 
lobes do they extend? What kind of a margin does 


the leaf have? How many main parts? What kind 


of a base? But from such work pupils get little train- 
ing in real connected observation and description, and 
no training in connected thinking. If they.are really 
observing their leaves, they cannot listen to the constant 
string of questions; if they listen to the questions, they 
cannot observe. They cannot relate successive ideas 
about the leaf — and the essence of thinking is thus 
relating ideas for ourselves — because the teacher does 
all of the relating, such as it is, and drags her pupils 
with her. We cannot train children to observe and 
think by such a process any more successfully than we 
can teach babies to walk by carefully lifting their little 
feet one after the other, and pressing each down at the 
proper distance in front of the other. 

To train the boys and girls in connected, related ob- 
servation and deseription, it is much better, with the 
buttereup leaves in the hands of all the children, to ask 
one pupil to tell all thatshe can about his leaf, have a 
second and perliaps a third tell all about his own leaf, 
noting any differences or errors of observation or of 
statement, and adding as many new points as possible, 


. and then have the class correct and complete the de- 


scription. In beginning such work, it may be wise or 
necessary to have the pupils-discover the features to be 
observed, and then, under the guidance of the teacher, 
arrange these in order, and formulate à plan for de- 
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scription. Even more helpful in insuring individual 
connected observation may be a drawing, each pupil 
drawing, as exactly as possible, his own leaf. After 
such a drawing they will describe much better. 

In the experience of the writer, scores of lessons in 
nature study have been spoiled, even when the teacher 
had her work well planned, and was well prepared, had 
excellent and abundant material, and wide-awaké, ob- 
servant pupils, by such questioning, making it impossible 
for the pupils to really observe or think for themselves. 

In such a comparison as that between the dandelion 
and thistle suggested in Chapter I, the teacher. may 
lead the pupils to make a clear, orderly comparison by 
asking a series of questions bringing out in order, point 
‘by point, the features in which the dandelion and thistle 
blossoms are similar. But after the pupils have care- 
fully studied and have understood the flower of one of 
these plants, it is better for them to discover for them- 
selves as many points of resemblance as they can, even 
though the work may not be quite so orderly. When 
they have noted all that they can, then the teacher can 
ask questions to bring out features unnoticed before, 
and ean lead them to an orderly comparison. 

In abstraet work, as when leading pupils from many 
particulars to the demonstration of a rule or general 
principle in mathematies or grammar, or when gaining 
a definition in geography, close questioning may be 
most helpful, even absolutely necessary. In generaliza-, 
tions in science, as in classifying animals and plants, or 
leading pupils to distinguish characteristics essential in 


—————— 


| 
| 
| 


PRINCIPLES DETERMINING METHOD. — YiT 
classification from those which are of minor importance, 
development work is invaluable. Care is necessary, 
however. Too often the questioning is so done that 
the child is shut in between two walls, as it were, com- 
pelléd to go where the teacher wishes him to go by 
being led to bump his head, first against one wall and 
then against the other. He has followed a line of 
thought, it is true, but not his; he has not made it his 
own. He has simply bumped along, driven by or be- 
tween the questions of the teacher. 

This excessive use of questions illustrates an abuse, 
rather than a proper use, of the development method. 
But it is much too prevalent. 

In general, the fewer and broader, and at the same 
time the clearer and sharper, the questions, the better 
the results, in getting pupils to think for themselves. 

The teacher who leads her pupils to relate their ideas 
for themselves, to follow out a line of thought for them- 
selves, will be much more successful in impressing ideas, 
and in developing the power and habit of logical think- 
ing, than the teachet who compels her pupils to follow 
closely her own line of thought. 


The next law which must determine method is the 
law of unity, — an expression for the tendency of the 
mind to relate and group and unify all its ideas. 

In appereeption, the combining of new percepts Svid 
the concepts already in the mind, we have the first step 
of the mind in the process of unifying. Sequence, the 
uniting of ideas in a series, illustrates an extension of 
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this unifying process. The mind strives to continue 
indefinitely this process of unifying, or relating its 
knowledge or the phenomena about it, as when it refers 
many effects to one cause, or groups in one order or 
class, because of similarity in plan, great numbers of 
plants or animals. 

The child is educated in proportion as he can and 
does relate the ideas gained ; that is, in proportio as he 
recognizes in his environment, and realizes in himself, 
unity. The study of physical phenomena is of very lit- 
tle value, comparatively, unless the child can, to some ex- 
tent, explain them and refer them to their causes. , What 
he learns about plants amd animals is almost useless 
unless he recognizes, and in some degree realizes, their 
relations and their unity. The facts of history amount 
to very little unless the child relates them, understands 
more or less of their causes, and appreciates to some 
extent the working out of principles or laws. . 

In the ultimate analysis all the aims of nature study 
which have been enumerated are, from a psychc'ogical 
standpoint, manifestations or resultants of this unifying 
tendency of the mind. The awakening of interest and 
sympathy, the cultivation of the iwsthetie, ethical, and 
spiritual nature, the development of power, aud the 
acquisition of knowledge, are all means or processes of 
establishing unity in the mind. : 

We have agreed in Chapter IV that the final aim of 
nature study or of education in general is to perfect 
the relations between the child and his environment, 

physigal, intellectual, and spiritual. We want our child 


t 
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to appreciate what he receives from, and to realize and 
perform what he owes to, his environment, — nature, 
man, God. Thus can he be adapted to his environment. 
In formulating this aim, without any diseussion of psy- 
chological laws, we naturally emphasized environment 
rather than the child, and dwelt on adaptation to envi- 
ronment. When we look at the question from a psycho- 
logica? standpoint, ask what is the ultimate aim of the 
mind, we find that the mind ever seeks to reduce to unity 
all its environment and itself, or to adapt its environ- 
ment to itself. It discovers that phenomena at first very 
diverse are illustrations of the same principle, results 
of the action of the same agency or force; that animals, 
such as the vertebrates, at first showing almost infinite 
diversity, are built on the same plan. Thus it refers all 
physical changes to a few agencies or forces, and groups 
all forms of life about a few types. The mind finds 
that physical phenomena and laws are analogous or 
identical with those of the intellectual and spiritual 
world. Thus it reduces to unity what is without 
itself, and then relates this to itself. We see, there- 
fore, in this law of unity, the psyehologieal warrant 
for the final aim‘of nature study or of education, before 
established on ethical grounds, the perfecting of the 
relations between the child and his environment, or the 
reducing to unity of the * I" and the “not I." 

We express the same idea in spiritual terms when 
we say, with the Great Teacher, * Love is the fulfilling 
of the law.” Love is unity. Recognizing the unifying 
tendency of the mind, and the importance of developing 
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it, we see why interest and sympathy are so essential. 
They are the only means of establishing the greatest 
unity between the child and his environment. 

In the law of unity we find the psychological basis 
for the greater educational value of the study of life, 
the most nearly perfect illustration or realization of 
physical unity. In a living plant or animal all parts 
are organized to co-operate with one another, to work as 
a unit in taking from environment, — from sunlight and 
soil and air, — and in giving to environment. Perfect 
physical life in plant or animal is perfect adaptation or 
perfect relation or complete physical unity between it 
and its environment, or that part of its environment to 
which it is adapted or related. As this unity becomes 
less complete, disease comes. When death ensues, unity 
ceases. The plant or animal is no longer a unit, but is 
disorganized, made up of isolated parts. In the study of 
death, of mere form and structure, the child does not 
see this unity, and his mind is not greatly aided in its 
unifying process. In the study of leaves or roots or 
stems or flowers, isolated and not related to the plant, 
this psychological demand for unity is not recognized 
nor satisfied. » 

From this standpoint we see also the psychological 
reason for emphasizing the study, in earlier years or 
lower grades, of life and living nature, and of forces and. 
processes, and understand why the study of minerals or 
of mere form and structare is not so interesting to 
young children, and not so satisfactory in its results, 
If in-earlier years children can study units, — the whole 
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living plant, its development from seed to maturity, and 
growth or adaptation to environment; and living ani- 
mals, caterpillars and butterflies, frogs’ eggs, tadpoles 
and frogs, living birds or kittens or fish, — they learn to 
relate parts to wholes, to recognize the unity between 
plant or animal and its environment; and thus the uni- 
fying tendency of the mind is recognized and developed. 
After such preliminary work the mind more readily, 
and oftentimes necessarily or automatically, unifies what 
is not presented to it as units; relates the leaves or 
flowers to the plant, thinks of them, not as mere forms, 
but as parts of a whole, depending on and working for 
the whole plant. B 

The child who has studied the life of the dandelion, 
the development and work of root and leaves and 
flowers, the ripening of seeds, and the preparation and 
arrangement for their dissemination, the co-operation 
of plant and wind in scattering the seeds, who has com- 
pared the life and adaptations of the dandelion with. 
those of two or three similar plants having similar adap- 
tations, is much better prepared to unify or reduce to 
unity, and therefore much better educated, than the 
child who has simply described the form and gross 
strueture of fifty isolated leaves or of a score of roots 
or flowers, or has dissected or analyzed and grouped 
by mere structural or morphological features a dozen 
plants. E 

In the same law of unity we see the reason for the 
greater educational value of the questions * why " and 
“how” as compared with “ what.” “What” is mere 
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structure, and is isolated. “ Why” and “how” relate 
the structure and thus help to unify. We may describe 
the form and structure, the * what," of the dandelion, 
and never think of it as related to anything else. When 
we ask * why” and “how,” we begin to relate it to its 
environment. Why is it colored? ‘To attract insects, 
to beautify the world. Why does it have the green 
cup, or involucre? To protect it from moisture, from 
sudden changes, or from insects. Why do the florets 
have hairs (the pappus) about the base? To catch the 
wind, and aid in scattering the seeds. Each « why ” 
suggests a new relation, leads to a better realization of 
the co-operation and unity of nature. 


How does the recognition of this unifying tendency 
in the mind, and of the importance of unity in the work, 
affect or determine the method of study ? 

First. We must endeavor to impress the idea of 
unity in the child’s physical environment, nature. 

Second. We must labor to make more complete his 
realization of the unity between his physical and intel- 
lectual environment, nature and man. 

Third. We must strive to lead from nature and man 
to God; to impress deeply on the child the unity of all 
parts of his environment, physical, intellectual, spirit- 
ual. 

Fourth (and including the others). We must do all 
in our power to bring the.child into the closest relations 
with all his environment, into unity with nature, 


man, 
and God. 
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How can we impress on the child the idea of unity 
in his physical environment; that is, in the world of 
nature about him? 

At first, perhaps, everything is unity to the babe. 
"He has little power of analyzing. He soon, however, 
begins to separate his environment from himself, the 
“not I? from the “1.” In time he distinguishes different 
parts of his environment, — mother, nurse, father, food. 
At first he doubtless sees a pussy as a whole, with little 
or no conscious analysis. Later he distinguishes head 
and body and tail and legs, and gradually minor di- 
visions. ‘This process of analysis, of separating into 
and distinguishing parts, is continued as he develops. 

'The problem at first is, not to give the child the idea 
of unity, but to keep that idea in his mind as and while 
he analyzes. 

The development of the analyzing power in the 
race has been similar. The progress of knowledge 
has gradually eompelled man to separate what was 
once called natural history, into many distinct sciences, 
— botany, zodlogy, chemistry, physics, each with a host 
of subdivisions. These distinct sciences, as such, have 
little place in work with young children. They must 
study mature much as their ancestors studied nature 
before these sciences existed, and as the children study 
nature before they enter school. This does not mean 
that they are merely to flit about and sip here and 
there, but that each thing, studied may, and often 
should, become a centre for the study of much about it. 

When we thus study the dandelion in its relations, ` 
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investigate the co-operation of its parts, and their rela- 
tions to their environment, — soil, wind, sun, insects, — 
we are brought into contact with a large part of nature, 
and study portions of many sciences. The absorption 
of water and food by the roots leads us into physies, 
capillarity, and'osmosis, though we may not use these 
terms. The transformation of this absorbed matter into 
“milk” is a chemical process, although the children 
may never hear the word chemical. Any observation 
orstudy of the insect visitors of the dandelion and of 
their work leads us into zoólogy. 

We can emphasize the unity in our physical environ- 
ment by studying plants and animals as units, and by 
Studying the phenomena of nature in their relations. 
These relations have been enumerated in Chapter III. 

These relations, so far as they need to be considered 
here, can be gathered into two general classes, relations 
of dependence (including causal relations), and rela- 
tions of similarity and difference; the first functional, 
the second structural. As brought out in Chapter I, 
the dandelion has relations of dependence upon soil, 
air, wind, and water (rain, dew, clouds, frost, snow), 
sun, animals, and man; that is, these .help or harm it, 
or are helped or harmed by it. It has a relation of 
similarity or difference to other plants (more: particu- 
larly composites), more remotely to animals, most re- 
motely to inorganic nature. It is like or unlike these 
in form, structure, or plan. 

Which of these relations is most important? In 

the science of the past, as pursued in most educational 
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institutions, and partieularly in the study of botany 
and zoülogy in secondary schools, all emphasis has been 
placed on the relations of similarity and difference; and, 
as a result, great prominence has heen given to com- 
parison ot form and structure, and to classification. 
It has appurently been assumed, oftentimes or usually, 
that comparison of form and structure, and classification 
based^on these, were aimost the only method or means 
of unifying or reducing to unity this part’ of our phys- 
ical environment. On the contrary, it is the fune. 
tional relations which show the most complete unity. 
The structural relations are but the preparation for or 
result of functional relations. The similarity in plan, 
form, color, etc., depends on similarity in function or 
work. 

Tf it is true, as has been asserted in previous pages, 
that the study of life and function is of greater edu- 
cational value, at least in elementary schools, than the 
study of structure, then the functional relations, those 
of dependence, are more important than relations of 
similarity and difference in structure. While great 
emphasis must be placed.on these functional relations 
in work with yoüng children, as they grow older, more 
and more attention can and should be given to form 
ard structure, and to structural relations. 

The recognition of this principle will greatly influence 
the method in nature study in elementary schools. In 
accordance with this principle, children should begin 
their plant’ study with whole plants, and study these 
first in their functional relations. They can begin in 


uz 
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the first and second grade (see Course of Study, Chapter 
XV) with the study of such a plant as the mallow, or 
with the growth from seed to maturity of the bean or 
pea, and have impressed the mutual dependence of all 


parts, — roots, stems, leaves, flowers, fruit; the depen- 


dence of the plant on soil, water, sun, and man; the 
dependence of man and animals on the plant; the 
dependence of all on the Creator. The form and'struc- 
ture of parts should be studied as adaptations to work. 
The comparisons should be at first a comparison of the 
ways in whieh the organs do their work, preparing 
for a comparison, later, of the ways in which they are 
fitted for their work; that'is, for a comparison of form 
and structure, resulting in classification. 

The children, young or old, should never begin their 
study of leaves by merely comparing their forms and 
veining and arrangement on the stem. In their study 
of the development of seeds and buds, the children 
should first have impressed the idea of the leaf as some- 
thing related to the whole plant, formed by and de- 
veloping from the plant (from seed or bud), dependent 
on the plant, working for the plant. Gradually other 
functional relations can be brought out. As the child 
begins to understand these functional relations he can 
begin to appreciate the arrangements the leaves have 
for doing their work. The veins will then be, not 
merely veins, but a framework to hold out to sun and 
rain, or channels and tubes to carry water. Their 
arrangement may then have a meaning. Later, in the 
third or fourth year, more attention can be given to the 
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comparison of the forms of leaves; that is, to the formal 
study of relations of similarity and difference, connect- 
ing these, however, with function. This will prepare 
for comparison and classification, and. the study of fami- 
lies and larger groups in the upper grades. 

It is evident that it is neither wise nor possible to 
dwell on all the relations of everything studied. It 
becomes essential to select that material which will 
best illustrate these relations, and to which other ma- 
terial, not so carefully studied, can be related, or about 
which it can be grouped. The chapters on selection of 
material and formulation of courses of study (Chapters 
XIV and XV) indicate the material which will best 
serve as centres for work in the different grades, and, 
at the same time, serve as foundations for later work. 


How can we, in and by our methods in nature study, 
make more complete the unity between the physical 
and intellectual environment of the child? 

Certainly not by separating the physical and intel- 
lectual as far as possible, that is by divorcing nature and 
all school-work as we have done in the past. Rather 
by uniting these’ as closely as possible, basing much of 
the school-work on nature study. — The better the child 
realizes that school is out-of-doors as well as in the 
schoolroom, in plant and animal and stone, in cloud 
and sunset and waterfall, as well as in book, the more 
complete will be the unity between his physical and 
intellectual world. The more his nature study is cor- 
related with and made a basis for his language avork, 
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drawing, reading, and literature, the more will the uni- 
fying tendency of the mind be satisfied. 

The child and the poet see in the physical world 
much that symbolizes man and God. This symbolism 
of nature, rightly impressed and re-enforced by litera- 
ture, will do much in leading to unity. 

The methods of relating nature study to other school- 
work are discussed in Chapters XI, XII, and XII. 


How can we best impress on the child the unity of 
all his environment, of nature, màn, and God? Not 
by mere preaching. Rather by leading him sympatheti- 
cally, reverently, where he can read for himself the 
“one great loving thought written in hieroglyphs of 
bud and bloom." By taking the child to bud and leaf 
and flower, to nest and egg, where he can see for him- 
self the lessons of protection and care, shown alike in 
the physical, intelleetual, and Spiritual, by nature, man, 
and God. By letting him absorb, day by day, week by 
week, year by year, naturally, and often unconsciously, 
the lessons of mutual dependence and mutual helpful- 
ness, the lessons of slow but sure development, the 
lessons of patient waiting and preparation. By im- 
pressing the lessons of purpose and order and plan all iy 
about him, and thus leading to the Protector and 


Thinker and Planner and Director, the highest Unity. 


How can we bring the vhild into closest unity with 
all his environment? The question has already been 
largely answered in Chapter IV. Only sympathy and 
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love ean bring unity. Love is the fulfilling of the law 
— of all law. The teacher who has led her pupils to 
regard nature reverently and sympathetically has done 
much to bring into unity the child and all his environ- 
ment. 


THE PRIMROSE ON THE ROCK. 


A rock there is whose homely front 
À The passing traveller slights ; 
Yet there the glow-worms hang their lamps, 
Like stars, at various heights : 
` And one coy primrose to that rock 
The vernal breeze invites. 


What hideous warfare hath been waged, 
What kingdoms overthrown, — 

Since first I spied that primrose tuft 
And marked it for my own ; 

A lasting link in Nature's chain 

From highest heaven let down! 


The flowers, still faithful to the stems, 
Their fellowship renew ; 
The stems are faithful to the root, 
That worketh out^of view ; 
And to the rock the root adheres 

n In every fibre true. 


Close clings to earth the living rock, 
Though threatening still to fall; 
The earth is constant to her sphere, 
And God upholds them all: 
So blooms this lowly plant, nor dreads 
Her annual funeral. 
3 
WORDSWORTH. 
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What has been said heretofore about the characteris- 
ties or laws of the human mind applies to the child as 
an individual. The child or man alone on an island, 
shut off from all intercourse with his fellow-men, would 
be dependent on his senses for new percepts; would as- 
similate these by the process of apperception; would be 
most impressed by that in which he was most interested j 
would try to pieture or imagine what he could iot see 
by modifying and combining what he had seen ; would 
combine his ideas, to a greater or less extent, in a series 
or sequence ; and would endeavor, with more or less per- 
severance and success, to unify his knowledge. ‘His 
development would be much retarded and limited, how- 
ever, by the fact that he could not exchange ideas with 
others, convey his ideas to others, and receive their 
ideas in return. Man is a social being, and must not 
merely get and unify ideas, but must impart and ex- 
change ideas. 

This brings us to the consideration of expression, the 
process or means by which ideas are conveyed to or 
received from other minds. By expression is meant not 
merely language, but any means of conveying or ex- 
pressing ideas, — drawing, painting, nioulding, sewing, 
music, gesture. S 

Expression has a threefold object or function:— 

First. To clarify, make more clear and orderly, our 
ideas, by bringing them into consciousness, arranging 
them in order to be conveyed to others, and forcing us 
to recognize our own weaknesses, either in perceiving 
or relating facts. Expression, the attempt to convey 
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our ideas to others, leads us to relate our knowledge, 
and put it in order much as an expected visitor leads the 
housekeeper to * put her house to rights." Teachers 
recognize this faet when they say, * We do not know 
what we know until we try to teach it." 

Second. To convey ideas to others, and thus aid us 
in influencing others, or in adapting other minds to our 
mind. Assuming that we have ideas worth expressing, 
gained by and through the means already considered, 
we will be most successful in bringing others to our 
way of thinking, adapting this part of our environment 
to ourselves, in proportion as we can most effectively 


^ 


express our ideas. 

Third. To give us à medium through which we can 
receive ideas from others, and thereby relate or adapt 
our mind to other minds. In general, the better we 


can express our own ideas, the. better will we under- 


stand the ideas expressed by others. 
The relation of nature study to the expressive work 


of the elementary school is considered in Chapter XI. 
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CHAPTER IX. 
THE ORDER AND METHOD OF STUDYING MATERIAL., 


Havrne discussed the principles which must deter- 
mine method, we are ready to consider the general order 
of study, the first step in the application of these 
principles. 

The value of the study by children of the relation of 
plants and animals tc their natural environment, and 
of the study of life and habits, has been illustrated in 
Chapters I and II, and discussed in Chapter VIII. In 
Chapter II, on the study of the rabbit, were illustrated 
some of the advantages of beginning with home and 
habits, followed by the study of structure, comparison, 
and classification. The order will he largely determined 
by aim and the necessity of basing work on sense-per- 
ception and appereeption. «Emphasizing the higher 
aims, we begin with home, life, and habits, if they can 


be observed. If the conditions are such, as in study of A 


starfish inland, that life and habits cannot be observed 
by pupils, then it is often better to begin with structure, 
that is, with what can be seen. The reasons for follow- 


ing the order below are further discussed in connection i 


with the different steps. l 
In eonsidering method we must give some atten- 
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tion to each of the following steps in presenting mat- 
ter: — 


1. Name. 

2. Relation to natural environment. 

3. Habits or function (and life history (?) ). 

4. Structure (and life history (?) )- 

. 5. Comparison and classifieation, or association and 
generalization. ? 
6. Application. 


The first essential in studying anything is the name; 
the^ehild should know what he is studying. A name 
which means nothing, is nót based upon or does not 
suggest any concept or idea, is very difficult to relate or 
apperceive, and difficult therefore to remember. When- 
ever possible, the name should be related with an idea, 
with something which suggests the name, or from which 
the name originated. Tt is best to relate the name with 
something which the child can see. When the child 
has learned that aster means star, the starlike appear- 
ance of the flower will suggest the name. The names, 
starfish, sunfish, trillium (triple or three, having parts 
in threes, sometimes called * trinity flower”), pyrite 
(firestone), milkweed, earthworm, ploodroot, Solomon’s 
seal, painted cup, and a host of others, will be much 

ved and recalled or remembered 


more readily appercei 
if the meaning of the name is explained to and im- 


pressed on the children. 
Of course with childrer 
names, when there are any, 


a we will use the common 
not the technical rames. 
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' 
Harebell, buttereup, butter-and-eggs, sea-anemone, and 
earthworm mean much more, are more readily apper- 
ceived and remembered, and are much better for children, 
than their technical equivalents, campanula rotundifolia, 
ranunculus, linaria vulgaris, actinia, and lumbricus. 

Frequently the name can be associated with some 
beautiful legend or story: trillium with the legend of 
the trinity flower; hyacinth with the old Greek legend 
of the boy friend of Apollo; narcissus with many old 
stories. The name may suggest a comparison or simile, 
the name iris suggesting the rainbow; the Jack-in-the- 
pulpit always attracts the little folks because of- the 
idea associated with its name. 


- 


Having provided that the pupils shall not merely hear 
the name, but if possible shall be interested in it, apper- 
ceive it clearly or associate it with an idea, and make 
it the beginning of a sequence, what is the next step, 
the first step in the study of that part of nature which 
we have named? If we wish to unify the child’s ideas, 

_ we should first relate the thing studied to the whole of 
which it is part. We are studying it in the school- 
room; it does not belong there. The next step should 
be to relate it to its. natural environment. Is it a 
mouse, bird, insect, fish, a plant, a whole in itself? 
Where was it found? Under what conditions? What 
are its "relations to earth and sun and rain and plants 
and animals? If an aninral, what about its home and 
home-life and habits? If a plant, how does it develop ; 
in what kind of soil does it grow; do its leaves or flowers 
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turn toward or follow the sun; do its flowers close at 
night; is it the home of any animals, caterpillars, insects, 
birds? Is ita leaf or flower or root or branch, or feather 
or shell, a part of something? To what did it belong? 
Of what was it a part? Where did it come from? 

In the case of minerals, the relation to environment 
is not so intimate or evident, and therefore not so im- 
portant or essential, as in animals and plants. Forces, 
studied in physics and in chemistry, have no environ- 
ment; they are everywhere. But minerals and rocks 
can be considered as earth materials, and physical forces 
as earth forees. Particularly in earlier years, it is help- 
ful thus to relate them very closely to the earth (and 
to geography), quartz and sandstone becoming the most 
abundant materials out of which Mother Nature has 
built the crust of the earth, and heat the force which 
she uses to change the earth’s crust: Later, with ma- 
ture pupils, minerals and rocks may be unified by group- 
ing them according to their chemical composition, and 
forces related through the law of gravity or the law of 
conservation of energy. , 

By thus always relating, all things studied to nature, 
to their natural environment, rather than studying 
them as isolated leaves or stones or snails in the school- 
room, unrelated to nature, we help the child to start 
his study with something akin to unity. The different 
things studied are brought together again in a subse- 
quent step, comparison and classification, or generaliza- 
tion, and are thus more or less unified at the beginning 


and at the end. * 
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Remembering that the best foundation is sense-per- 
ception, actual seeing, by far the best way to relate 
to environment is to take the children out for a field 
lesson, to se? grasshopper or cricket or caterpillar or 
ant or snail in its natural home; to see where and 
how buttereup and mallow and fern and elm grow; to 
gather the stones, and study the position and arrange- 
ient of rocks, and watch the work of rain and streams. 
A field lesson with a definite aim and definite work for 

each pupil, carefully planned, well conducted, well fol- 
lowed up afterwards and clinched, is, in general, worth 


half a dozen schoolroom lessons. ed 


The higher value of out-of-door study of nature Em- 
erson has expressed in his poem * Each and All”: — 


I thought: the sparrow's note from heaven, 
Singing at dawn on the alder bough ; 
I brought him home, in his nest, at even ; 
He sings the song, but it cheers not now, 
For I did not bring home the river and sky ;— ;— 
He sang to my ear, — they sang to my eye. 
The delicate shells lay on the, shore ; 
The bubbles of the latest wave 
Fresh pearls to their enamel gave, 
And the bellowing of the savage sea 
Greeted their safe escape to me. 
I wiped away the weeds and foam, ká 
I fetched my sea-born treasures home ; 
But the poor, unsightly, noisome things 
Had left their beauty on-the shore 
* With the sun and the sand and the wild uproar, 


Then I said, **I covet truth; 
Beauty is unripe childhood's cheat; 
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I leave it behind with the games of youth :"— 
As I spoke, beneath my feet 
The ground-pine curled its pretty wreath, 
Running over the club-moss burrs; 
Iinhaled the violet's breath.; 
d Around me stood the oaks and firs ; 
Pine-cones and acorns lay on the ground; 
Over me soared the eternal sky, 
Full of light and of deity ; 
Again I saw, again I heard, 
The rolling river, the morning bird ;— 
Beauty through my senses stole ; 
I yielded myself to the perfect whole. 


, 

The manner of conducting field lessons must be 
determined mainly by the aim and the conditions in 
such out-of-door work. The aim is to get in touch or 
harmony or unity with nature; to investigate the rela- 
tion to natural environment of that bit of nature in 
which teacher and children are specially interested ; to 
gain or study what cannot be studied or acquired in 
the schoolroom. The conditions are very different from 
those prevailing in the school. The pupils are at 
home, where they realize their natural privileges and 
rights, and where the teacher often has to become the 
pupil. They are-more free, more natural, more difficult 
to restrain Or control or at least less amenable to 
schoolroom rules or methods of discipline. The sur- 
roundings attract and distract the pupils. There is so 
much about them, that it is much more difficult to gain 
their attention, keep them at, work, or pin them down 
to special, definite work. 

Nothing is more helpful in giving direction to an 
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out-of-door lesson, in imbuing the children with the 
spirit of nature, than an introductory literary gem, or 
a short story. Parts of Bryant's “ Forest Hymn” read 
as they have gathered under the trees may make a 
deeper impression than hours given to its study in 
school. Longfellow's “ Autumn,” or portions of Low- 
ell’s * Indian Summer Reverie,” or “ The Maple," may 
be the best prelude te the study in the meadews or 
park of the autumn leaves, may impress the thought 
of the perfect whole, the highest aim of the field lesson. 

The purpose of the field lesson, it must be remem= 
bered, is to study, not mere form and structure. but 
processes and relations, life and dependence on and 
adaptation to environment. Structure can be studied 
better in the schoolroom, where the conditions are more 
favorable for definite work. In our work out-of-doors 
we should largely limit ourselves to what cannot be 
observed or cannot be studied as well indoors; such 
topics as the falling and coloring of leaves, the work 
of earthworms or frost, of rain or streams or wayes, 
the formation of soil, the relation of leaves and flowers 
to the sun, the habits and homes of insects, birds, and 
other animals, the occurrence, form, color and other 
obvious characteristics of trees. ; 

It is difficult, unnecessary, and unwise to attempt to 
maintain out-of-doors the order which is required in the 
school. Such order will defeat the purpose of the field 
lesson. On the other hand, a lesson in which no order 
is maintained, which degenerates into a frolic or picnic, 
is not merely of little value, but may bring discredit 
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upon all the work in nature study, and tend to postpone 
the time when this natural method of studying the 
children’s natural environment shall be followed in 
other subjects, such as local geography and history. 

The secret of a successful field lesson is: A definite 
aim or object understood by each pupil as well as by 
the teacher, definite work for each pupil, followed by 
a defidite report on and review of what is observed. 
In a field lesson, with the freedom and lack of restraint, 
and with distracting surroundings, from which the 
schoolroom is largely free, definiteness in aim and plan 
is more important than it is in any other work. 

The pupils should have, in the preceding lessons, 
enough to interest them in what they are to observe 
out-of-doors, and each pupil should know just what he 
is to investigate. It is helpful to have several points 
which all are to investigate and report upon orally, 
and, in addition, to give each pupil one or more ques- 
tions upon which he is to report. If the reports can be 
in writing, so much the better. 

After the pupils individually have done all they 
think they can do alone, with such suggestions here 
and there as the teacher may be able to give, it is often 
helpful for the teacher to gather the pupils about her 
in the field, and correct any serious errors. The definite 


review or summary will usually be more successful in 


the sehoolroom. 
If a field lesson with the class is or seems impossible, 


the teacher will find it helpful to go out occasionally 
with a few pupils after school or on Saturday. Foz the 


ates 
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study of many things, such as ants, crickets, mallows, 
trees, birds, buttercups, stones, earthworms, dissemina- 
tion of seeds, it may be necessary to go only a few hun- 
dred feet from the schoolhouse, even in the heart of a 
city, and may not require more than half an hour or an 
hour. A field lesson with the teacher and one pupil in 
attendance will lead the teacher to look at nature, to 
some extent, from the standpoint of her pupils, and aid _ 
her in adapting herself to her pupils. 

Nothing so draws together teacher and pupils, making 
them fellow-students and fellow- investigators of truth, 
as well-conducted field lessons, where they are ou the 
same plane, the teacher often becoming a pugil the 
pupils, who are so much nearer to nature than their 
teacher, often becoming teachers. 

Much concerning the natural environment or home of 
what is being studied can usually “be drawn from the 
children. Many or most children have an PADS ge. 

* store of nature lore, like Whittier's * Barefoot Boy" 


“Knowledge never learned of schools, 
Of the wild bee's morning chase, 
Of the wild-flower's time and place, 
Flight of fowl and habitude 
Of the tenants of the wood ; 

How the tortoise bears his shell, 
How the woodchuck digs his cell, 
And the ground-mole sinks his well; 
How the robin feeds her young, 
How the oriole's aest is hung ; 
Where the whitest lilies blow, 
Where the freshest berries grow, 

9 Where the groundnut trails its vine, 
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Where the wood-grape's clusters shine ; 
Of the black wasp's cunning way, 
Mason of his walls of clay, 
And the architectural plans 
Of gray hornet artisans !— 
For, eschewing books and tasks, 
Nature answers all he asks ; 
Hand in hand with her he walks, 
Face to face with her he talks, 

o Part and parcel of her joy, — 
Blessings on the barefoot boy !” 


- The poorest student, the boy who takes no interest 
in his sehool-work and plays truant whenever he can, 
may be able to tell most. And here may be the oppor- 
tunity of the teacher to interest and get a hold on that 
same bad boy. 

If the children cannot relate to natural environment, 
if they have never seen what they are studying, the 
starfish or sea-urchin or coral, the cotton or cocoanut, 
the limestone or iron ore or coal, in its home, or where it 
naturally occurs, then the teacher may endeavor by pic- 
ture or blackboard illustration or word picture to give 
the children some idea of dts occurrence. 

When the children know nothing about the occur- 
rence’ of what they are studying, and it is difficult for 
them to gain any clear idea of it, as in the starfish, it 
is well to change the order of study, begin with what 
they can see, the structure of the thing itself. This 
will give a good foundatior? for future work; and the 
study of relation to environment may be taken up later, 
and more or less incidentally. o 
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All the work heretofore indicated may be considered 
as preparatory. Now comes the presentation of new 
matter in the schoolroom. With what shall we begin ? 
Of course we want to build on the foundation laid in 
the preparatory work. How? By going on with the 
same line of thought or sequence; studying in the 
schoolroom habits, work or function, development or 
formation. 3 

Have the pupils told a little about the habits of the 
animal they are studying, rabbit, crayfish, cricket, fish, 
canary, squirrel; not merely where it lives, but how it 
lives? Continue the study of life and habits by cbserv- 

. ing these in the schoolroom; how the animal moves, 
. erawls, walks, flies, how and what it eats, how it. 
breathes, how it sleeps. Read about those habits which 
cannot possibly be observed. Study carefully the use or 
work or function of the different parts, and the way in 
which they are used; that is their « why ” and “ how.” 

Have the children study in the schoolroom the de- 
velopment and the work of the plant and its parts. 
They have gathered buds in the early spring, noted the 
trees from which they came, and their position, and 
perhaps, arrangement on the branches.” Have them put 
those buds in water, watch their development, discover 
the function of gummy or hairy covering and scales and 
stipules, and note, as the parts develop, how they are 
arranged, and why they are so arranged. Have they 
learned to recognize the mallow, discovered how well 
it is anchored in the ground, noted how its leaves face 
the sun from morning to night, and how its younger 
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leaves and its flower close before dark? Study with 
them in the schoolroom the function and development 
of root and stem and leaf and flower (so well shown in 
the common mallow), the * why” and “ how” which 
shall make them think, lift them up, and prepare them 
for the later more definite study of structure, the 
“ what.” i 

The pupils have learned where the limestone they 
have in their hands occurs, and. perhaps how it breaks 
down or crumbles. Work out with the children the 
story of the formation of the limestone. Its fossils, 
shells, or corals may serve to connect it with animals 
of long ago from whose skeletons it was made. Its 
crystals may give the clew to the process by which it 
has been deposited from water. 

Following the same line of thought, we can begin 


with the origin or sources of physical forces, heat or 
electricity, following with a study of their effects, what 


they do, their work or function. 

The study of life history, of the development from 
seed or egg or larva or babyhood, of plant or animal, 
and the story of the formation of mineral or rock, may 
come at this stage, or may be placed later in the order 
of study. Where the story of life history must be 
told, it is better to have it after the study of structure. 
In many cases, as in the crayfish, the children cannot 
understand the story of development from the egg 
until they have a fair idee of the structure of the 
adult. Where development can be watehed in the 


schoolroom, as in the case of caterpillars and butter- 
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"flies, it may be better to study life history before 
Structure. 

Much has been said in previous chapters of the 
greater educational value, particularly for children, of - 
such investigation of the living, w orking side of nature, 
or of the function and story of plants and animals and 
rocks, as compared with the study of mere form or . 
structure or morphology. It is in accordance with the 
law of apperception. Life and action are more like the 
child himself, appeal to him, can be better understood 
by him. Life and action and work, the story of devel- 
opment and formation, interest the children, and appeal 
to their sympathies and to their higher nature, because 
life and function, rather than structure, show the higher 
side of nature. * 

The observation of life and function and the study 
of development and formation lead to the questions 
“why” and * how,” and compel the child to think and 
to relate what he is learning, and thus tend to unity. 
Until an animal or plant is studied alive, and as a living 
thing, with all its parts co-operating, it is not a unit, 
but a collection or aggregation of parts. When we 
know the story of a mineral or rock, the forces which 
have acted on it, and the changes through which.it has 
gone, it becomes almost a thing of life, a connecting 
link between the past, present, and future. 

The study of habit and function and development or 
formation is the best possible preparation for an under- 
standing of structure. The child who has watched the 
cat drink milk or eat meat, or climb a tree, or sharpen 
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its claws and draw them into their sheaths, is best fitted* 
to understand the strueture of tongue and teeth and 
claws. The structure will be related to function, each 
“what” associated with a “why” and “how.” The 


"pupil who has watched the development of the bud into 


the flower, and the formation of fruit and seeds by the - 
flowers, who has seen how the calyx folds about and 
protects the other parts, how the corolla beautifies, how 
the. pistil becomes the seed-box, who has learned that 
the corolla attraets insects, and that its markings and 
hairs' guide inseets to the nectar, is prepared to study 
the structure of the flower; in fact, he has been study- 
ing structure without knowing it. The structure of 
sandstone or limestone, its layers or crystals or fossils, is 
not only better understood when the child has seen how 
water deposits materials in layers, or watched the forma- 
tion of crystals of alum or sugar, or learned how shells 
are deposited in mud and how the.mud is hardened into 
stone, but the child cannot possibly understand their 
structure until he has learned the story of their forma- 
tion. 4 

The study of habit and function reiates best with 
literature and art. As has been said before, it is life 
and fonction and story which have appealed to the poet 
and artist. There is scarcely any literature of mere 
structure. 

The investigation of habit and function and'develop- 
ment gives the best opportenity for freedom and in- 
dividuality in observation and expression. Every child 
in the class may carefully observe the habits of the 
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“canary in its cage in the schoolroom, how it hops and 
walks and perches, how it eats and drinks, how it sings, 
how it sleeps; and each has a different story to tell, or 
tells what he has seen in a way different from all the 
others. When they come to describe the structure of 
the canary, — its body and head and wings and tail and 
legs and feet, —all are telling about the same thing, and 
are apt to tell it in about the same order and *vords. 
The latter description will be more exact, but at the 
same time more stereotyped, less free and individual. 

Much of what is here said about the value or content 
of the study of life and habits, and about the methoyl of 
observing these, has been: brought out concretely and 
clearly illustrated in the outline or plan for the study 
of the rabbit in Chapter II. 

This study of life and habits in the schoolroom or at 
home requires time; it cannot be done in a day. The 
material should be before the pupils for several days, 
where they can watch it, and occasionally report what 
they have learned. They may watch the germination 
of the seeds in their window-boxes, or the development 
of the buds in the jars, or the movements and habits of 
the crickets or fish or snails or crayfish, for a week or 
more before they have a formal lesson. Much of this 
work will be done before or after school, or at home, if 
the children are interested. If there are several boxes 
or jars about the schoolroom, they can watch or study 
these during school-hours without confusion. The study 
of relation to environment and habits is of little value 
unless based largely on personal observation by the chil- 
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aren. Without this’ it degenerates into mere guessing, 
which is worse than nothing — is not only useless, but 
injurious. 

'The teacher may help or guide them by occasional 
definite questions, perhaps one or two a day, written 
on a corner of the blackboard; such questions as, * Find 
out exactly how the caterpillar eats and what it has to 
eat with,” or * How does the caterpillar crawl?" 
«With how many legs?” Does it use them all in 
the same way ?” 

To`lead each pupil to observe for himself, it may be 
well,to urge the pupils not to tell others what they have 
observed. Sometimes it is helpful to have each one 
write an account of his observations, of what he himself 
has learned, before there is any class recitation. 

The order in studying habits and function of plants 
or animals is not material. We should begin with those 
most easily observed and leave to the last those most 
difficult for the pupils to see. In gathering up the ob- 
servations in the class or in writing, however, all that 
has been learned about any one topic, as eating, moving, 
or breathing, should be brought out or told before pass- 
ing to a new topic. f 

Here, in connection with the life and function, is the 
place to bring in the literature. The literature, if well 
selected, and the study of life, react on each other most 


helpfully at this point. 
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CHAPTER X. 


THE ORDER AND METHOD OF STUDYING MATERIAL 
(CONTINUED.) : 


THE next step‘in the presentation of matter in the 
schoolroom is the study of structure, — that in the plant 
or animal which adapts it to its environment and fits it 
for its work or function; and that in the rock which is 
the result of the action of the agencies by which it was 
formed. 

While much of structure is studied in connection 
with previous work, it is studied incidentally. At this 
Stage structure must be emphasized both as a means of 
reviewing and clinching and unifying or binding to- 
gether what has been learned about habit and function 
and story, and as a basis for a sitbsequent step in the 
process of unification; that is, comparison and general- 
ization, or classification. After the child has learned 
the work or function of the dandelion root, has discov- 
ered how firmly it holds the plant in the ground, has 
seen its store of ** milk " and noticed’ thé disappearance 
of the “milk” and.the shrivelling of the root as the 
seeds ripen, has learned that the rootlets take up water, 

' and food dissolved in the water, then he is not only 
prepared to study the form and structure of the root, 
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but such study will review and clinch and bind to- 
gether what he has learned about function. The 
long, conical, tough main root suggests its function, 
— to hold fast. The thickened, upper part is fitted 
for its work as a storehouse, until the storehouse is no 
longer needed. The fibrous branches have a work, — to 
absorb water and food from the soil. It is more than a 
fleshy, conical tap-root, as the botanist would describe it; 

it is a holdfast, a storehouse, an absorbent. Moreover, 

this same root may in the next step become a type of 

roots which have similar functions, and thus become a 

means,of still further unifying the student's ideas. 

The relation between the study of habit and of strue- 
ture and many of the principles and ideas diseussed in 
this chapter-have been applied and illustrated in the 
outline for the study of the rabbit in Chapter II. 

The study of habits and function is largely a process 
of analysis. If we stop with the study of the habits 
of the canary-bird, we have little idea of the bird as a 
structural whole or unit. The study of adaptation to 
function or of structure is largely a process of synthe- 
sis, of bringing together and reducing to unity what 
has been separated in the previous step. 

If the study of structure is to be a means of review- 
ing and clinching function; and is to lead the child to 
think, we must constantly ask “why” and “how.” 
What is the use of this? Why is this so? It is not 
enough to say that the grasskopper has very large hind 
legs. Why? It has a groove on each side of the ab- 
domen. Why? To aid in breathing. How? But the 
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clear definite knowledge of the facts nec ssary to an- 
swer the question. Mere guessing at “why " is worse 
than useless. : 

If the study of structure is to prepare for comparison 
and classification, we must particularly emphasize those 
structural features which are most important in classifi- 
cation, — the peculiarities of the flowers and flcrets in 
the dandelion and of the teeth in the rabbit. 

With younger pupils in the first or second grade of 
the school, for whom structure has little meaning ‘or in- 
terest, and whose power of relating or unifying struc- 
tural features is but slightly developed, the study may 
stop with the observation of function and story, the 
growth of plants and habits of animals, and what 
structure may naturally be brought out in connection 
with these. As the children grow older, structure be- 


[rr why ? 


comes more and more important as a means of review-. 


ing function and preparing for generalization; as a step 
in the sequence by which they should relate their ideas, 
reduce them to unity, or to some approach to unity. 
The question often arises, “ How far 
take up with the children details of structure 
erties obscure or difficult to understand?" In general, 
in the work with children of any grade, only those fea- 
tures of structure or those properties should be studied 
or emphasized which either throw light on function (in- 
cluding use to man) or aid in comparison and class- 
ification, so far as the children of that grade study 
or can understand these. For instance, in the study 


or prop- 
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is it wise to 
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of the mineral mica (commonly but incorrectly called 
isinglass), its softness (easily scratched with the finger- 
nail), lustre (the brilliant shine of its surface), cleav- 


. age (the property by virtue of which i& breaks into 


very thin plates), elasticity, transparency, and infusi- 
bility are the properties which make it useful and dis- 
tinguish it from other minerals. It has many other 
properties, mineralogical and chemical, which the child . 
need not study at all, or may merely note without at- 
tempting to remember them. The youngest children 
can discover the function of the little hairs at the base 
of each little dandelion flower, or floret (the pappus), 
can see how they aid in disseminating the seed. There- 
fore they should note the presence and appearance of 
these hairs. The young children cannot understand 
the real function of the stamens, so it is not necessary 
nor wise, in this flower, where they are so indistinet, to 
ask the little folks to study the stamens. 

« How far is it necessary or wise to dissect animals?” 
is a question often asked. Teachers dread dissection. 
A similiar question which might be asked with equal 
propriety, but which is not often considered, is, ** How 
far is it necessary or wise to allow or encourage the 
pupils^to tear into pieces plants?" The higher aim 
of nature study — that is, to. develop a sympathy and 
love for nature, and particularly for life— must de- 
termine this. There should be very little study of dead 
animals during the first three or four years, and no 
dissection of any kind during the first five or six years. 
During the last two or possibly three years, particularly 
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during the last year, some dissection may be wise, but 
should usually be done by the teacher. Animals which 
are domesticated or are pets, such as kittens, should 
never be dissected before, or for, or by the children. 

During ihe first.two or three years children should 
never be allowed to pull to pieces plants or flowers. 
In later grades they should do no more of this than is 

. absolutely necessary. They should learn to reverence 
life, plant or animal. 

Closely related is the question as to the advisability 
of using microscope or magnifying-glasses. Nature 
study should lead the child to study the world, bout 
him, and to use the instrument he has, — his own eyes. 
Compound microscopes open a new world. While they 
add to the interest and gratify curiosity, while they are 
helpful in studying pollen grains and butterfly scales, 
and the compound eyes of insects and the breathing- 
pores of leaves, they are not necessary for work with 
children, and give them little of much educational 
value. Children do not understand much of what they 
see in a compound microscope with a high magnifying 
power, partly because they do not relate it to what they 
see with their unaided eyes, partly bécause such a mi- 
croscope shows at any adjustment only a sectiom of an 
object in the plane which is in focus, and they do not 
relate the different planes seen at different adjustments. 
Simple microscopes are helpful in work with pupils in 
the upper grades in bringing out details of structure. 
They should be used very sparingly and carefully with 

young children, as they are apt to strain the eyes, 
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If the study of structure is to be most effective in 
producing a clear mental picture in which or to which 
parts and functions are related, it must be orderly. 
„In previous steps there should be an order or sequence, 
but conditions must largely determine that order. In 
studying or describing form or structure the order 
must be determined 
by the’order followed 
by the mind in mak- 
ing a mind pieture 
of form or structure. 
Wer appreciate and 
realize best the pro- 
cess in making a 
mental picture when 
we attempt to draw 
from a description 
what we do not see, 
—a spider, for in- 
stance (see Fig. 22). . 
If, as we stand be- , 
fore our pupils ready a Fig. 22. Spider. 


to make on the black- 
board picture of the spider from their description, we 


are told first: that the spider has eight legs, or that it 
has several eyes, or that it has a pair of feelers (palps) 
in front of its head, we cannot draw, we cannot place 
the legs or eyes or feelers, or relate them to the whole 
spider. They must tell us first about the spider as a 
whole, and about its body, the part to which legs and 


ate 
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eyes and palps must be related. If we are told that its 
body is an inch long, we can lay off that distance, or some 
multiple of it, on the blackboard. Next they might tell 
that it is about one-third as wide as long, rounded at the 
sides (oblong, some might say), divided by a neck into 
two parts, the first a little shorter than the second, both 
a little longer than wide, rounding toward either end. 
From such a description we might get a fair mental pie- 
ture, and make a fair drawing, though we had never 
Seen the spider. Now we want to add the appendages 
or other parts. It does not help us even now to be told 
that the spider has eight legs. We cannot relate them 
to the body. Where are they attached ? we ask, 
fastened on each side of the first division of the 
the first pair back a little from the front end. Now we 
can place them in our drawing. If next they began 
to tell about the ends of the legs, we would be at a 
loss again. The bases of the legs are in place; the 
ends have not been related to the base, are off in space. 
First we must get some idea of the legs as a whole. 
They are long (an inch long), slender, the first two 
pairs projecting outward and forward, the last two 
backward. They taper toward the outer end, and haye 
several (seven) joints. Now we can get and make a 
picture. When told, not merely that the spider has 
several eyes, but that the eyes are near the front of the 
upper surface of the first division, and are arranged in 
two rows running across,"with four eyes in each TOW, 
we can draw without difficulty. 

This wil serve to illustrate the importance of the 
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following rules, which will greatly help us in unifying 
our ideas of form or structure, and in gaining and con- 
veying to others good mental pictures of form. As 
minerals are distinguished by their mineralogical and 
‘chemical properties rather than by their forms, these 
rules have little application in the study of minerals 
and rocks. È 

First. Study and describe the whole before taking 
up its divisions, the central or main part before con- 
sidering appendages. 

Seĉond. In studying and describing parts or appen- 
dages, first relate them to the whole. 

Another rule may be added, not so widely applicable, 
but helpful in insuring logical order or sequence. It 
will also prevent a useless waste of material, so common 
when pupils study without order. Those parts should 
be studied first which are most easily observed, such 
as the outer parts of the flower and the bark of a tree 
trunk, and those left to the last which are enclosed by 
other parts, and for the study of which other parts 
must be removed. 

Third. In studying, work from the base upward, and 
from the outside inward. 

To insist on a rigid compliance with these rules in 
every case would make our work mechanical. But it is 
helpful to keep them in mind, particularly in work 
with older children. 

The order in studying structure, particularly with 
younger children, will be greatly influenced by the law 
of apperception, and the law of interest, so closely re- 
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Fig. 23. Crayfish. 
v 


lated to it. The children will apperceive best and best 
T. build upon that in which they are interested. In 
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studying the structure of the crayfish, for instance (see 
Fig. 23), if the children want to talk about its great 
* pinehers " first, let them do so, but not until they have 
Studied the body and its divisions, and located the 
* pinehers " with reference to the body. From the 
* pinchers" they will naturally pass to the legs, and 
then to the swimmerets and tail fin, the parts by means 
of wlüch the animal moves. Later can come eyes or 
feelers, large and small; the order is not material. 
The mouth parts, which are very difficult to see, and at 
best Will not be understood, should be left to the last. 
If they begin the study of appendages with the large 
feelers or antennie, take up tiext the small feelers most 
closely:related to them. In studying the pea flower, 
if they are particularly interested in the little pod 
developing in the flower, it may be best to study this 
first, and consider the other parts in their relation to 
pod, to investigate the way in which they are formed 
so as to produce and protect the pod. We may then 
add another rule, subordinate to the others, which may 
influence the order in studying structure. 

Fourth. Study first and emphasize those parts or 
prope ties in which the children are most interested, and 
whichsthey can see best, and leave to the last what is 
d most difficult to see or understand. We may find it 
Hd best in studying limestone to begin with its efferves- 
cence with acid, or in studying mica to begin with its 
cleavage, or tendency to split into thin plates. These 
greatly interest the children. 
| What has been said about testing the order, clearness, .. 
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and accuracy of a description by trying to draw from 
it, shows the value of drawing in the study of structure. 
The essentials in structure are the form and relative 
position of parts, and the best possible means of express- 
ing these is drawing. As we have seen, we can at best 
get only an approximate and rather hazy picture of form 
from a word description. A few strokes with pencil or 
crayon will give us a better idea of crayfish or plant 
than we can possibly get from a word picture. When 
making a drawing of an object, we are compelled to ob- 
serve much more carefully than when writing a descrip- 
tion of it. We must notice the relative position, and 
shape and size of every part we draw. On the other 
hand, nothing demonstrates so forcibly to ourselves, as 
well as to others, the lack of clearness in our ideas of 
form as the drawings we make. The youngest children 
see at a glance wherein the drawing they have made is 
incorrect or poor, when they do not and cannot see the 
deficiencies in a written description or word picture. 

Remembering what was said in the previous chapter 
about the funetion and value of expression, we will 
find drawings most helpful in the study of structure in 
compelling pupils to observe carefully; and thus to gain 
clear ideas, and to express exactly, and. thus convey 
those ideas to others, and in helping them to study and 
understand the drawings or pietures made by others. 

It is an excellent plan, pursued in many schools, to 
place the object before the pupils without any previous 
study or description of structure, and tell them to draw 
it. These first drawings may be criticised and discussed 
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individually or in class, and afterwards a second draw- 
ing made. After pupils have made a careful drawing, 
they are much better prepared to write a good descrip- 
«tion, if that is thought necessary. The drawing is fre- 
quently so much better than the word picture that it is 
not necessary or wise to ask for a written description. 
But it must be remembered that the most common, and 
usually the most convenient means of expression and 
communication is language; and children must learn 
to express by language as well as by drawings. 

It is helpful to have each pupil make a drawing on 
the blackboard, and have the class select the best draw- 
ings, and tell why they are best. This makes them 
more careful and critical. The writer’s experience has 
shown that even children in the first grade usually se- 
lect the best drawings, and can tell why or wherein they 
are best. à 

We must remember that drawing from nature in- 
volves a more or less careful analysis of the thing 
drawn, a study of the relative position of its different 
parts. Pupils who have not been trained in this kind 
of drawing rarely have the power of careful analysis. 
If we simply place an objeet before the pupils, and tell 
them to draw, the results will be poor, particularly if 
the object is complex. The teacher must show her pu- 
pils how she draws it, lead them to analyze it with her, 
measuring (as when drawing the crayfish) the length of 
the body, and laying off this length, or some multiple 
of it, on the board, determining where the division line 
between the two main parts of the body comes, and neas- 
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uring and representing the width at different points. 
Having represented the outline of the body, the details 
and appendages can be added. The teacher’s drawing 
must always be erased to prevent copying, and the chil- 
dren asked to draw their crayfish in the same way. 

At first pupils should draw only in outline, putting 
in very few details, as suggested in the drawing of the 
rabbit in Chapter II. 

Whatever drawings the children make should be as 
careful and truthful as they are capable of making 
them. Otherwise the drawing may do more harm than 
good, tend to strengthen careless habits of observation 
and expression, and to fix'in the child's mind incorrect 
forms. 

It must be remembered that these drawings must ex- 
press the ideas of the children, not those of the teacher, 
and must be examined and criticised from the stand 
point of the pupil, not from that of the teacher. They 
must express the truth as the child sees it, and may be 
far from artistic. What is very poor from the stand- 
point of the artist or of the teacher may be very good | 
when looked at through the child's eyes, regarded as | 
the expression of his ideas. 

The relation of drawing to nature study is farther 
considered in the chapter on expression (Chapter 
XI). 

In describing structure, scientists use a host of sci- 
entific or technical terms: How far is i5 necessary or 
wise to use them in: work with children? This can 
- . be la;gely determined bv 2. consičəration of the use or 
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function of scientific terms, and of the characteristics of 
the child mind. . 

Scientific terms are not mere “hard words," as the 
non-scientific are prone to regard them. They express 
in the most concise, clear, and exact form ideas or facts. 
When the botanist describes the leaf shown in Fig. 
24 as, “pinnately compound, with odd leaflet, with 
nine leaflets, opposite, short petioled, stipellate, ovate, 
slightly acuminate at apex, en- 
tire, pinnately veined,” he ex- 
presses with a few words what 
cannat be as clearly or exactly 
expressed in non-scientific * or 
ordinary language with five, or 
perhaps ten, times as many 
words. From such a scientific 
description, one familiar with 
the meaning of the terms used 
can make a fairly truthful draw- 
ing, and gain, of course, a fairly Fig. 24. Compound Leaf. 


correct mental picture. 
The main use of scientific terms is, then, to express 


facts in language as concise and exact as possible. 
Young children rarely need such terms, because their 
ideas are general rather than minutely exact. As chil- 
dren grow older their observations become, or should 


. become, more careful and detailed, and they need exact 


terms to express them. ^ 
These should only be used so far as they are needed 


` by the children to express their ideas. Children should , . 
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never under any conditions be required to memorize a 
mere list of such words; the terms, for instance, used 
in describing leaves. If, on the other hand, they can - 
be first led to see or realize how helpful these terms 
are, they will be glad to get them and use them. Chil- 
dren even in the first grade, studying the bean, who 
have been given no technical terms, and have been en- 
couraged to describe in their own ways, after struggling 
for two or three days to tell about the “two halves,” 
or the “two thick white parts,” or the “two pieces 
which cover the little bud," will welcome the “word 
“cotyledon” as a friend, and use it freely and correctly. 
No other word expresses ‘the idea. In the morning- 
glory seed, where these cotyledons are so leaf-like, the 
children may call these parts seed-leaves, but not in the 
bean. After the children have gained an idea which 
they want to express in language, and have no word 
to express it, they need and will weleome the word, 
even though it is long. Until then they have no use 
for the technical term. 

In general, the common terms, when they are exact 
in meaning, are much better for young children than 
the technical terms, — feelers better than antennz, 
breathing-pores better than spiracles. ë 
' On the principle of apperception, scientific terms will 
mean more and be more readily remembered just in pro- 
portion as they are closely related to what is already in 
the child's mind. This can be done by always explain- 
ing their meaning. When the child knows that plu- 
mule. means “little feather,” and lanceolate means 
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** Jance-shaped,” and mieropyle (the opening in the 
skin of the seed through which the growing end of the 
embryo pushes) means * little gate," and calyx means 
* cup,” and pinnately means “like a feather,” they will 


remember the terms more readily, and use them more 
intelligently. If the oldest children know the meaning 
of a few root words, they can often form many words 
by eómbining these; such words, for instance, as epi, 
upon, and peri, around, and hypo, under, used in form- 
ing the botanical terms, epi-sepalous, epi-petalous, epigy- 
nous, perigynous, ete. 

In, the ease of words describing forms, such as those 
relating to leaves, it will -be found helpful to have 
charts prepared and hung up in the schoolroom showing 
‘the forms and the words together. These will keep the 
forms and the words expressing them constantly asso- 
ciated before the pupils’ eyes. The pupils can refer to 
these charts to find the proper terms to express exactly 
the forms of the leaves or other objects they are studying. 

As has been said before, the story of life history, 
of development from germ to adult, may be brought 
out in connection with life and function, or after the 
study of structare. When the children can watch de- 
velopment, as of the tadpole into the frog, and of the 
caterpillar into the butterfly, this becomes a study of 
successive adaptations, or adaptations to different envi- 
ronments, and may well be studied in connection with 
habits as a preparation for structure. Where the story 
of life history is simply told to the children, it is best, 


in general, to leave it to the last, that is, until after 
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Structure, because some knowledge ‘of structure will be 
necessary to understand life history, as in grasshopper 
or crayfish, and because the life history, being merely 
told to the children, will be hazy. What is hazy, the 
weak link in the chain, should be left to the last and 
made subordinate, so that later important steps will not 
depend on it. 

We have studied plant or animal or stone as to: — 

First. Its name and significance of name. 

Second. Its relation to natural environment.  * 

Third. Its habits and the functions of its parts (and 
its life history ?). č : Á 

Fourth. Its adaptation to function or its structure 
(and life history ?). 

In the endeavor to farther unify our knowledge, the 
object or phenomenon studied must now be compared 
with others like and unlike it, so that what is like it 
may be grouped with it, and what is unlike separated 
from it. Thus in time the things we have studied are 
not mere individuals, but types of classes, — the grass- 
hopper of hundreds of insects, the robin of scores of 
birds, the buttereup or wild rose or !ily-of-the-valley 
of groups or families of plants; and the experiments 

we perform explain many phenomena, — as the evapo- 
' ration and condensation of water from the tea-kettle 
help the pupils to understand about the formation of 
dew and rain and mist and.fog and cloud. 
The purposes or objects of comparison or association, 
and of classification or generalization, are; 
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First. To train the child to note and study carefully 
resemblances and differences in objects before him. 
The young child usually sees differences most readily. 
For classification the teacher must- emphasize resem- 
blances and help him to see them. 

Second. To lead him to distinguish the essential or 
important from the non-essential or unimportant in the 
form’ of plant or animal, or in the property of mineral, 
or in physical or chemical phenomena, and to relate or 
group or classify in accordance with essential resem- 
blances and differences. 

Third. To help him to recognize or abstract the 
general plan in plants and’ animals, and general prin- 
ciples or laws in physical phenomena, and to realize 
more and more a unity in apparent diversity. 

Fourth. To lead him to apply his generalizations to 
other phenomena, and to arrange his knowledge in the 
most convenient form for ready reference; to “tie it 
up in assorted bundles ready for use,” each bundle or 
group or class labelled and represented in the mind 
by a type. Thus the bee may represent the insects, or 
the membrane-winged insects; the robin or sparrow the 
birds, or the perchers ; the cat the vertebrates, or the 
mammals or the flesh-eating (carnivorous) animals or 
the cat family, depending on the extent to which the 
knowledge has been assorted and grouped. 

Lessons VII and VIII in the outline for the study 
of the rabbit, given in Chapter II, illustrate order and 
method in eomparison and classification, and bring out 
the application of what is here presented. 
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The work ın association and comparison can and 
should be carried on from the very first with the little 
ones in the first grade. Gradually, certainly in the 
second year, they can begin to discriminate more care- 
fully, pick out essentials, and see something of plan. 
Later, in the third or fourth grade, and in subsequent 
years, more emphasis should be placed on recognition 
of plan, and of principles or laws, and on definite classifi- 
cation. 

Success in comparison and classifieation — that is, real 
classification by the pupils, not à mere memorizing of 
classification given by teacher or book — depends aimost 
entirely on the character ofthe previous study of struc- 
ture. If the teacher has required definite and exact 
observation, and if she has kept in view the classifi- 
cation to come later, and has emphasized those points 
of structure which she (but not the pupil) knows to 
be important in classification, there will be compara- 
tively little difficulty when pupils arè old enough for 
generalization. In comparing the crayfish and erab 
(see Figs. 23 and 25), to get the general notion of the 
class of animals (crustacea) to which both belong, the 
children will recognize the resem] 
of the crayfish the teacher has dwelt on plan, on the (livis- 
ions and covering of the body and the number, position, 
and character of legs and other appendages. If she has 
been satisfied with a glance at form and color and length 
of parts, and paid little atténtion to plan, she will find 
that the children cannot classify for themselyes. They 
have iio foundation forit. If in the study of the rabbit 


ance, if in the study 
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the teacher has made sure that the pupils have observed 
carefully the peeuliarities in the rabbit's way of eating 
and in his teeth, there will be little diffieulty in having 
them see for themselves how the rabbit and squirrel are 
related, as * gnawers " or rodents. 


Fig. 25. Crab. 


Success in classification and generalization will also 
depend on the character of the material or phenomenon 
selected for the first study, whether it is typical or not. 
The rabbit is much better, as a preparation for the study 
of rodents, than is the mouse. This is discussed in 
Chapter XIV on the selection of material. 

Remembering that in. classification or generalization 
we wish the child to see and to fix in his mind resem- 


e 
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blances, rather than differences, and to recognize simi- 
larity of plan or cause or law, we must endeavor to 

first associate or bring together and compare those 
objects which resemble one another, and then those 
which differ more. The results will be much better if ‘ 
we compare the erayfish with the lobster (see Fig. 26), & 
and then with the crab to get the idea of crustacea, 
than if we first compare crayfish and crab, which sre so ^ 
different from each other. 


Fig. 26. Lobster, 


After resemblances are seen they can be emphasized 
by contrasting animals which are similar with those 
which are dissimilar. After the children have discoy- 
ered that crayfish and crab and lobster are alike in hay- 
ing two divisions of the body and five pairs of legs, 
they can be compared with the grasshopper (Fig. 27), 
which has three divisions of its body and three pairs of 
legs. This will bring into sharper relief, and prepare for 
the study of, the distinctive characteristics of crustacea, 
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We will succeed in bringing into prominence in the 
pupil’s mind the essentials in structure, or plan, or 
physical phenomena, and thus leading to classification 
or generalization, in proportion as we lead the pupils 
by our questions, to see and dwell on these essential 
features. If we encourage or allow a careful compari- 
son of the multitude of details, often more or less ac- 

` eideial, such as color and minor markings, and length 
of parts, the association and comparison may have little 
result. In the comparison of dandelion and thistle (see 


Fig, 27. Grasshopper. 


Chapter D), we will gain little if we dwell on difference 
in color, and in number of florets, and in length of parts. 
Only in proportion as the pupils dwell on the similarity 
of plan in the dandelion and thistle blossoms will they 
get an idea of the composite family of plants. ` 

It will be seen that the process of abstraction and 
generalization requires the most careful work in devel- 
opment or questioning. In the previous steps the chil- 
dren, if properly taught, will accomplish much with 
very few questions. In generalization, particularly 
when made from few particulars, the pupils must be 


led by the teacher. , 


- 
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One precaution is very necessary in the process of 
generalization. We must constantly resist the ten- 
dency to generalize from too few particulars. Broad 
generalizations based on very few particulars lead to 
careless, hasty, and often erroneous thinking. While 
schoolroom conditions will not admit of the study of 
the great number of particulars which must precede 
thoroughly scientific generalizations, we must le ex- 
ceedingly careful about generalizing from one or two 
particulars. We must multiply experiments before 
deducing laws, and study as many plants or animals or 
minerals as the condition and interests of the children 
make possible before passing to classification. 

We must not be satisfied when the children have 
worked out the generalization. These generalizations 
must be frequently applied to other plants and to other 
physical phenomena, so that the habit of working up 
to and making use of generalizations may be fixed. 


This brings us to the last step in the method of pre- 
senting or studying material, We must apply what 
has been perceived and apperceived, and related and 
unified, to other phenomena. Thereby we cannot only 
fix and clinch in our mind what has been learned, but 
we can make it a means of further development and 
better adaptation, or broader unity. 

When the children have learned about the conduc- 
tion of heat, they should apply the knowledge to the 
explanation of a host of familiar facts, by studying such 
topics as clothing, storm-windows, stove-lifters. When 
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they have discovered the distinctive characteristics of 
the composite family of plants, they should be led to 
gather and relate all the kinds of composites they can 
find. When they have learned how plants in the 
schoolroom develop, they should apply what has been 
gained in the investigation of the germination and de- 
velopment of several plants out-of-doors. 

Here we can and should strongly emphasize (particu- 
larly with older pupils) practical applications. The 
study of the dandelion seeds, with their hairy sails, may 
thus léad to the hairy cotton-seeds and the cultivation 
and process of manufacture and great value of cotton. 
From the flax we may pass to linen, and from the sheep 
to wool and to its manufacture and uses. 

In connection with this step will come many oppor- 
tunities for supplementary reading. In thus broadening 
the pupils’ ideas, making what they have seen helpful 
in understanding what they cannot see, but must read 
about, such books as “ Stories of Industry” and King’s 
Geographical Readers are very valuable. (See also 
Chapter XII.) 

What has been learned in the nature work should 
also be applied in other schoolwork. Nature study 
thus becomes the basis for physical geography, is very 
helpful in commercial geography, and throws much light 
on politieal geography. It may illumine much that the 
children read. It becomes a foundation for the expres- 
sive work of the school. > 

Teachers and pupils are prone to think that when a 
subject or topic has been completed, nothing more is to. 
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be done with it. Each thing completed, be it one fact 
or a broad generalization based on many facts, is but a 
means of apperceiving new ideas, a link in another se- 
quence, a help in higher generalizations, a preparation 
for greater unity. 

The applications of nature study in other school- 
work, and the methods of relating nature studiag-to 
other studies in the elementary schools, are considered 
in Chapters XI, XII, and XIII. xi 

The question naturally arises, Is it always wise to 
folow from beginning to end this order of study, to 
consider each of these steps in studying any object? 
No, most decidedly. While this indicates the line of 
thought, the point at which we begin or end and the 
relative emphasis placed on different steps must be de- 
termined by the age of the children, the character and 
amount of preparatory work, the material available, and 
other conditions. , 

With young children we will place all emphasis on 
relation to environment, life, habits, and function, with | 
very little comparison and application. Children are 
not ready for much work in the later steps. As the 
children become older, they are prepared for a more 
thorough study of structure, more work in classification, 
and can make a wider application of what they have 
learned. The older the children the more important in 
general are the later steps, which involve wider knowl- 
edge and require power of generalizing. 5 

Where children have had nature work in the lower 
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grades, much, but not all, of the earlier work can be 
done there, and in the upper grades the work can be 
built upon these foundations. 

. Where living animals or growing plants can be easily 
procured, the study of relation to environment and 
habits can and should be strongly emphasized even 
With older pupils. When only mounted speeimens or 
picturés can be obtained, then comparatively little at- 
tention can be given to habits. 

Closely related is the question as to the time to be 
devoted to the different steps, or to the whole work in 
the study of any topic. This must also be determined 
by the age of the children aud by conditions. Children 
in primary grades may devote from one to four or five 
lessons to a plant or animal. It takes a very strong 
teacher to keep little folks interested in one thing 
longer than that. In the upper grades ten or fifteen or 
more lessons may be profitably devoted to the intensive 
study of such topics as corn, the rabbit and the family 
of “gnawers,” the cat and the cat family, the pine and 
its relatives and their economic uses, coal, iron, etc. 

The order of study as outlined is very generally ap- 
plicable in the study of living or organic nature, plants 
and animals. Much the same line of thought can and 
should be followed in the study with children of inor- 
ganic nature, of minerals and rocks, and of physics and 
chemistry. 

In studying such a rock as limestone, the first step 
after the children know what they are studying, and 
have noted the distinctive properties by which they can 
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recognize it, is to relate it to its natural environment, 
-to describe the places where and the conditions in 
which it is found, and, if possible, show how it is 
affected by its environment; how it erumbles or disin- 
tegrates and forms soil under the action of rain, air, 
roots; how it is worn away and carried along and de- 
posited by waves and streams. If it is possible to study 
this reaction between the stone and its enviróhment, 
which corresponds to habit in living nature, it will make 
much more intelligible the next step, the life history 
or story of the formation of the limestone. When the 
children see that the solid rock breaks down into mud, 
they will be better prepared to understand that it was 
formed from mud and animal remains. The story of 
the animals and other agencies which formed it, and 
of the process of formation, is largely recorded in its 
structure, and thus leads to and prepares for the study 
of the structure of limestone, its fossils and layers, and 
perhaps of its uses and adaptation to uses. From this 
We can pass to comparison with other limestone, per- 
haps with other lime rocks previously studied. The last 


step is the application, such as the relation of what has 
been studied to geography, 


of materials made from it, 
facturing lime. 

A similar line of thought can be followed in the 
study of sandstone and shale and granite, and of such 
minerals as coal, the iron ores, quartz, graphite, and 
pyrite. 

In studying physics and chemistry this order is not 


the uses of limestone, and 
» and the processes of. manu- 


* 
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so applicable, and yet a similar line of thought can be 
advantageously followed, particularly with younger chil- 
dren. In the study of heat we can begin with its sources 
(leading and relating finally to the ultimate source, the 
sun), investigate next its work or function or effects 
(from which alone scientists, but not children, may gain 
some idea of what heat is, what may perhaps be termed 
its structure), and gradually, after inany comparisons, 
* generalize or determine laws or principles, and, lastly, 
apply these principles to the explanation of other phe- 
nomen. The line of thought is much like that fol- 
lowed.in studying plants and animals. In work with 
gravitation, the pressure of liquids or of air, magnetism, 
and other physical forces or phenomena, a similar line 
of thought can be followed. 
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CHAPTER XI. 


NATURE STUDY AND THE EXPRESSIVE WORK OF THE 
: SCHOOL. 


WE have formulated the aims and discussed the psy- 
chological principles which must determine metliod in 
nature study, and have considered the applicatien of 
these principles in the stady of material. 

We must now turn our thoughts to the relation of 
nature study to other school-work, and to the means and 
methods by which it can be made most helpful in such 
work. j 

In planning any work for elementary schools, the ad- 
vocate of nature study must keep in mind the immedi- 
ate object of these schools. That object, as reepgnized 
by most school officers and parents, is to teach read- 
ing, writing, arithmetic, geography, — “ the essentials." 
Many teachers look little farther. 

The educator who has deeper insight and a kroader 
and higher outlook looks beyond these immediate ob- 
jects to higher aims, — the development of the whole 
child, the building of character, the perfecting of the re- 
lations between the child-and his environment, nature, 
man, and God. à 

Tke two objects are in no sense incompatible. 
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Rightly considered, one is simply one means by which 
the other may be attained. The parent or teacher or 
School officer is perfectly right in believing that the 
children must be taught reading, writing, arithmetic, 
and geography, and right in opposing the introduction 
into our schools of anything which takes the place of 
these “essentials,” or weakens the effective work in 
them. ^ 
While nature study has a most important place in our 
elementary schools, just as science has a place in higher 
educational institutions, independent of its relations to 
or effect on other school-work, the extent to which it 
makes. and keeps a place in the average. school, under 
average conditions as they exist at present, with average 
school officers and teachers, will depend very largely on 
the extent to which it is shown to be helpful in other 
school-work. The opposition to nature study by the 
stanch believers in “the three R’s” will be best over- 
come by those who most conclusively demonstrate that 
nature study does not in any way take the place of the 
essentials, but, rightly taught, greatly helps them. 


Nature study is simply a recognition of the depend- 
ence of the child on sense-perception. What comes 
through his senses makes the clearest and deepest im- 
pression, and forms the best foundation for expression 
in language, drawing, and reading, for geography and 


for other school-work. ^ 
The relation of the work of the elementary school to 


the two immediate centres of education, nature study 


